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hairs are simple or forked Stem of antenna without a branched hair, smooth 
and without short spines Apical hair of antenna simple and long Close to 
base of antenna starts a thin simple hair which may be taken as the basal hair 
of antenna 

Shoulder-hairs , internal hair 4-branched, root not prominent, median hair 6 
to 9 branched, root conspicuous 

Palmate hair absent on thorax, present on segments 2 to 7 of abdomen 
Leaflet of palmate hair lanceolate with a few indistinct serrations , filament is 
absent and the blade tapers straight to the tip (Plate LVIII, fig 6) 

Lateral branched hairs of abdomen present on segments 1 to 6 Very 
characteristic triradiate spines (Plate LVIII, fig 5) are present on each of the 
abdominal segments 1 to 7, one pair dorsally and one pair ventrally on each 
segment as originally pointed out by Christophers (1916) 

3 Latva of Anopheles asiaticus. 

All the clypeal hairs are thick, simple and unbranched The posterior clypeal 
hairs are equal to or slightly longer than the external clypeal hair (Plate LIX, 
fig 1) Frontal hairs are very poorly developed and inconspicuous Both the 
inner and median frontal hairs are unbranched, while the external hair has 4 to 
5 thin branches Antenna has a branched hair on stem with 4 to 6, sometimes 
fewer, branches (Plate LIX, fig 2) The apical hair on antenna is simple 
Spines on shaft of antenna not prominent Basal hair of antenna is very charac- 
teristically long and simple (Plate LIX, fig 2) Occipital hairs are minute, 
simple or forked 

Shoulder-hair internal hair 3 to 4 branched, root absent, median hair 
12 branches, root conspicuous 

Partially developed palmate hairs on thorax with about 12 leaflets (Plate 
LIX, fig 5) Palmate hairs present on segments 3 to 7 Palmate hair leaflet 
IS spindle shaped, with a few sharp serrations and a long filament ending 
acuminately at tin (Plate LIX, figs 3 and 4) Branched lateral hairs of 
abdomen present on segments 1 to 7 Body setae absent 

4 Laiva of Anopheles annandaJei. 

The following is a description of the mature larva of Anopheles annandalei, 
which as based on a study of over forty mature specimens collected at Sukna, 
Darjeeling district The previous description (Iyengar, 1922) was based on 
three immature larvae that were the only specimens known at the time 

Internal clypeal hairs are long and simple and usually do not show any 
fraying The external clypeal hairs have 4 to 7 branches (Plate LIX, fig 7) 
The posterior clypeal hairs are very short and simple 

Frontal hairs are small and poorly developed Inner frontal hairs are simple 
and long, the tip extending as far as the bases of the clypeal hairs The other 
frontal hairs are short and have 2 to 4 branches Occipital hairs are simple and 
minute The inner occipital hairs is frequently forked at apex Antenna with- 
out a branched hair on stem Spines on stem of antenna short and not well 
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de^ eloped Basal hair of antenna long and %Mth 6 to 8 pinnate branches Apical 
Inir of antenna branched 

Shoulder-hairs internal hair with 10 to 13 branches, root not well deve- 
loped, median hair with a \er3 prominent root and 14 to 19 branches External 
shoulder-hair starts close to base of median hair and is simple 

Palmate hairs present on thorax* cockade-hke, not well developed and with 
about S to 10, occasionally more, leaflets (Plate LIX, fig 9) Palmate hairs 
absent on 1st abdominal segment Palmate hairs present on segments 2 to 7 of 
abdomen Number of leaflets usually between 16 and 20 on each palmate hair 
Palmate hair leaflet moderately broad, and gradually tapering , serrations minute , 
filament absent (Plate LIX, fig 6) The leaflet looks very much like the 
leaflet of A harbiiostn^ or A hyreamts 

Large lateral branched hairs ocair on abdominal segments 1 to 6 (Plate 
lATII, fig 1) Short dark curved sctjc present on ventral and lateral aspect of the 
integument of thorax and abdomen (Plate LIX, fig 8) The setEe are short 
measuring from 12 to 16 p long They project forwards m the thorax and 
backwards m the abdomen 

5 Larva of A annandalei vnr djajasanensis 
Cl} peal hairs internal hairs thick and long, simple, external hair, thick, 
6 to 8 (sometimes more) branches, the branches being close to apex posterior 
cl} peal hair short and simple, about half-wa} between the internal and external 
hairs 

Frontal hairs are poorly developed , internal hairs simple and long, occasion- 
ally bi-fid, median ones short and thin, simple or 2- to 3-fid, external hairs thin 
and^4 to 7 branched All the occipital hairs are simple 

Antenna without a branched hair on stem Shaft of antenna with only 
minute spines Basal hair of antenna long and w'lth 5 to 7 pinnate branches 
Shoulder-hairs internal hair with 12 to 15 branches, root not developed, 
median hair with a large root and 14 to 21 branches, outer hair starts from a 
cleft in the root of the median hair j Tip of outer shoulder hair is simple (or 
minutely 2- or 3-fid in very young specimens)’ 

Palmate hairs a pair of conspicuous cockade-hke palmate hairs occur on 
thorax, palmate hairs occur on abdominal segments 2 to 7 Leaflet of palmate 
hair as m Plate LIX, fig 10, the serrations are abrupt and conspicuous, the 
blade is not broad , the tip of the blade is elongate and blunt , filament absent 
Lateral branched hairs of abdomen present on segments’ 1 to 7 Ventral 
f and lateral aspect of thorax and abdomen thickly bristled over witb numerous 

f *Ijengar (1922) in his description of A annatidaki larva had missed transparent palmate 
hairs on the thorax 

t Brug (1926) has obseried that the external shoulder-hair starts from a small root which 
lies hidden in a sinus m the root of the middle hair, so that it sometimes appears as if it arises 
from the root of the middle hair ‘ Het huitenstc haar ontspnngt van een kleinen wortel, dfe 
een sinus \an den wortel \'an het midden haar verscholen hgt, zoodat het soms schijnt alsof 
, het uit den wortel van het laaste haar ontsprmg ’ 
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closely placed long and curved setje which are very conspicuous and give the 
skin a brush-hke appearance (Plate LIX, fig 11) The setse measure about 
28 to 32 // long 

The following synoptic table has been drawn up to differentiate between the 
larvse of the oriental tree-hole breeding species 

1 Triradiate spines present on abdominal segments 

1 to 7, one pair dorsally and one pair ventrally, 
basal hair of antenna not conspicuous, palmate 
hair absent on thorax bmtanensis 

Triradiate spines of abdomen absent, palmate hair 
usually present on thorax 2 

2 Clypeal hairs very thin , posterior clypeals external 

to outer clypeals, sub-antennal hair characteris- 
tically clubbed . . cuhctfoiitus 

Clypeal hairs not thin , posterior clypeals internal 
to outer cl}TDeals , basal hair of antenna not 
clubbed 3 

3 External clypeal hair simple, posterior clypeal 

quite long, basal hair of antenna simple, antenna 
with branched hair on stem, palmate hair leaflet 
with a long and thin filament , ventral and lateral 
aspect of abdomen and thorax not covered with 
minute setse asiahcus 

External clypeal hair branched posterior clypeal 
very short, basal hair of antenna branched, 
antenna without a branched hair on stem , 
palmate hair leaflet without a long filament, 
ventral and lateral aspect of thorax and abdomen 
shagreened 4 

4 Serrations of palmate hair leaflet feeble and minute , 

blade very gradually tapering to tip, body setae 
short, thin and sparse annandalei 

Serrations of palmate hair leaflet conspicuous and 
abrupt , blade abruptly tapering by deep 
serrations , body setae long, thick and densely 
distributed on integument annandalei A^ar 

djajasanensis 

*Puri (1929) in a paper which has been published while the present one was in press, 
has differentiated the specimens of A annandalei collected from tree-holes in the Eastern 
Himalayas and Khasi Hills into a type form and a new vanetj, it, A annandalei var 
vtlerruphis Pun He has placed the Java form, le, var djajasanensis Brug as a synonym of 
the type form, A annandalei Prashad I do not agree with the views expressed by Pun in 
that paper {Ind Jour Med Res , Vol XVII, No 2, Oct, pp 385 — 396) 
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The chief clnnclcrc in tjenenl of the Imre of the tree-hole breeding Anophe- 
hnes were enumerated at nn enrhtr pirt of the paper and may be briefly sum- 
marired ac follows CKiical hairs nsiialh imbranchcd frontal hairs poorly de\e- 
lopcd and mco”spicnous occipital hairs thm and minute , short spines on shaft of 
antenna absent or ]>onrl\ dc\ eloped, basal hair of antenna iisualK present, lateral 
branebed hairs of abdomen present on segments 1 to 6 

Two other tree-hole breeding species of AnopUcIcK, known from other 
parts of the world iianieh A plumhru': Hal , from Europe and A barbcri Coq , 
from North \mcrica, also c\hibit the abo\c-mcntioned general characteristics of 
the oriental tree-hole breeding \nophclmcs 

Inophrlc’! Invlun and 1 plumhru^ together with the oriental A ciihctfoiims 
and ! banaiint^is were originalK placed under Genus Cmforfmcc f/r D &. K 
These four species possess sc\eral common features both m adult and lar\al 
Stages and thes form a small natural group of allied species dnophclc^ asiaticus 
and I nmm'dahi belong to a cbficreut group on account of their spotted wings 
and the presence of the dense scale tuft on the fcmoro-tibial joint m the adult 
These two species were placed under Genus Loplio<;cliclom\'ia Thcob Although 
both of these genera were subsequentK sunk to subgcncric rank and finally sunk 
under Genus iiwphcJc<; subgenus AnopUclc<: (Christophers, 1924), these two 
groups are quite di«tmct m their adult stage and could caen be differentiated tn 
the lanal stage In the Cadodiascst^ gtowp, the larwa has extremely thm, incon- 
spicuous and alwais unbranched clypeal hairs, and the antenna is almost entirely 
del Old of spines on stem In the Lopho^chelomvta group, the clypeal hairs are 
thick, the outer ones are occasionalh Iiranchcd and the antenna has minute spines 
on the shaft 

In both of these groups, m spite of wide differences in the adult stage, the 
lanre are lerj much alike and the cbaractenstic features of the tree-hole breeders 
noted aboie ocair without an exception These characters appear to be due 
more to a comergence, resultant on a similar habitat, rather than to any close 
affiniti, since it is seen that there is verj' little affinity between the tivo groups, 
their adults being lerj' different Characters such as the reduction of frontal 
hairs and extra development of branched lateral hairs of abdomen are possibly 
the effect of the peculiar type of habitat But it must be confessed that the 
oecological usefulness of such characters to the species is, bowreier, a matter for 
conjecture 

Edwards (1922) says with reference to Anopheles pUnnbctis, ‘ The tree-holes 
in which these lan’re are found are frequently (perhaps usually) dark and it may 
be supposed that the sense of sight would be of little value to the inhabitants of 
such places, w-hile that of touch would attain a greatl> enhanced importance, since 
the mosquito larvre have a number of predaceous enemies living with them 
Possibly this may help to explain the development of hairs on the soft parts of 
the body though their reduction on the head is not so easy to account for The 
development of additional chitinous plates may be merely a chemico-physical re- 
action to the excess of tannin m the water’ Edwards thinks that ' whatever may 



776 


LmvcB of Tiee-liole Bieeding Anopliehnes 


be the use of these larval modifications, it seems certain that they are due to 
environmental conditions ’ Since these characters occur in very different groups 
of Anophehnes occurring in very widely separated areas, there can be little doubt 
that these larval characters illustrate a convergence of character resulting from 
the peculiar habitat 
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E^^L^^ATIO^ or Pi \ti LVIII 

ig 1 Lanp of Auophc^c^ anmndaln sliowiiig tlie branched lateral hairs on 
abdominal segments 1 to 6 

„ 2 Head of Atwphclcs aunamlalct showing tlie poorly-developed frontal 
hairs 

„ 3 The frontal hairs of the normal type are well developed, branched and 
feathcr-like Head of lana of A varuua showing the well-developed 
frontal and occipital hairs 

„ 4 Clypeal hairs of A bananensts The outer clypeal hair of the left side 
is forked which is not a normal condition 

„ 5 Lateral triradiatc spines on the abdomen of A bananensts larva Each 
of the abdominal segments 1 to 7 have a pair of such tnradiate spines 
dorsally and another pair ventrally 

„ 6 Palmate hair of A bananensts (5th segment) 

„ 7 Head of A cultcifoniits showing clypeal hairs and antenna The 
antenna is nearly devoid of spines and the apical hair is long and 
simple 

„ 8 Palmate hairs (4th and 5th segments) of A cttltciforitus larva 
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Figs 1 to 5, A astaiicus larva, figs 6 to 9, A annandalet, and figs 10 to 11, 

var djajasanens-is 

Fig 1 Head of A asiaticus larva showing clypeal hairs The unbranched 
frontal hairs of the right side are also visible 
„ 2 A asiaitcus larva antenna showing branched han on stem, basal hair 


of antenna is long and simple 

„ 3 Palmate hairs of A asiaitcus larva (segments 3 to 7) 

„ 4 Palmate hairs ol A asiaitcus larva (segments 6 to 4) 

„ S Thoracic palmate hairs A asiaUais 
„ 6 A annandalei larva, palmate hair of 5th segment 
„ 7 A annandalei, clypeal hairs 

„ S A annandalei, part of thorax showing body setje 

„ 9 Thoracic palmate hair of A annandalei 

„ 10 Palmate hair (5th segment) of A annandalei var djajasanensis 
„ 11 Dense shagreemng of body of var djajasanensis. 
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Maternal Mortahly Inquiry Indian Research Fund Association, 
Haffhtnc Institute, Bombay 

[Reccued for publication, June 29, 1929) 

The condition described as pernicious anaemia of pregnancy is a severe 
antemia of unknown origin with a blood picture of the pernicious type, w’hich 
occurs in pregnant women, sometimes in successive pregnancies, and is frequently 
fatal at term It is well known in India and has been described by Balfour(l) 
and I\IcSwine> (2) It occurs in all communities, Hindu, Mahoramedan, Parsee, 
Christian (Goanese and other Indian Christians) and Beni Israel, but is com- 
paratively rare in Europeans A similar condition has been described m Europe(3) 
and America(4 and 5), but m these countries it is a rare complicabon of preg- 
nancy and from the published accounts it would seem to be a different entity 
to the condition prevailing in India Dr Summerhayes, in a personal communi- 
cation, describes w'hat would appear to be an identical condition from Accra on 
the Gold Coast w'here cases ocair among the patients admitted to the Native 
ilaternit}' Hospital As there is no full account of these latter cases and as the 
European and American ones differ from the Indian ones, this paper will be 
limited to a descnption of the disease as it occurs in India 

Balfour’s and MeSwmey’s papers should be referred to for details of the 
clinical picture, but certain points must be briefly reviewed here, as before any 
descnption of the blood and other pathological findings can be undertaken, it is 
essential to ha\ e a clear conception of the entit)' w ith which we are dealing The 
history and clinical features of the condition are also of importance m relation 
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to its differential diagnosis fiom tine pernicious or Addison’s anannia and to a 
consideration of the possible retiolog)' of the disease 

Selection oe cases 

All anaemic cases admitted to the maternity waids of the Cama and Alblcss 
Hospital and to the Wadia Hospital were icf erred to us From these we 
excluded cases secondary to haemoirhage, tubeiculosis and similar causes, leaving 
a group whose blood picture more or less closely lesembled that of true perni- 
cious anaemia To simplify the issue further all cases were excluded that were 
found to be suffeiing from malaria, hookworm disease, syphilis or severe neph- 
ritis — conditions knoun to produce, in certain instances, a blood picture resem- 
>g that of pernicious anaemia In a series of 66 consecutive cases seen in six 
’is (October to March, 1928-29), 16, or 24 per cent, were thus complicated, 
so excluded, leaving a group of 50 cases of so-called ‘ idiopathic ’ pernicious 
anaeima of pregnane}’' These 16 cases iiere excluded on the finding of malarial 
or hookworm parasites, a positive Kahn’s test, or signs or symptoms of nephritis 
respectivel}’^, nut most could have been separated on a detailed study of the blood 
picture, it IS hoped to desenbe them later as they are of considerable interest 
IS possible that malaria was missed in certain cases, but the bloods were searched 
fully and, uhen obtained, the placentas also The majority of the remaining 
cases were first seen in tire latter months of pregnancy , a few were examined 
as early as the fourth month and the remainder not until immediately after 
deliver}' It is extremely difficult to determine the time of onset of the disease 
as the patients give ver}' vague histones, but many of the post-partum cases 
uere undoubtedly anemic before delivery though no count had been made, 
uhereas others seemed to develop a severe ansemia immediately after delivery, 
the latter were probably secondary to sepsis 

Besides 50 pregnant cases 5 non-pregnant women were admitted wdio, save 
for the accident of being non-pregnant, presented an exactly similar clinical 
and patliological picture These 5 cases wull, therefore, be considered with the 
50 pregnant cases It is probable that non-pregnant cases are far more frequent 
than dieSe figures would suggest, as it must be remembered that this work was 
done in l}aug-m wards and non-pregnant cases were rarely admitted 

General description oe idiopathic cases 
The ansemic cases, selected in the way described above, are characterized by 
the serent} of the anccmia and the paucity of signs and symptoms other than 
tho'C secondar} to any serere ansemia CEdema of the feet and ankles, puffiness 
ot the face, weakness low blood pressure and a history of fever at some time 
during tlie disease are Jie mo-t con'-tant findings It is very remarkable how 
active mail} of these patients are m spile of extreme degrees of aucemia, some 
patients actual!} walking up to hospital .nth red cell counts of half-a-million 
In the above respects the conaition resembles Addison’s anaemia as also in the 
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frcqiicnc\ of intcslinnl (li''fviiic(ion (diarrhoea, \omitinjr, sore mouth and tongue) 

'1 he frcqucnct and scM.rit\ of the dtarrheea is \cr\ \anable and the fact, personally 
reported In Dr Margaret Ralfonr, that it is far more frequent and fatal m certain 
seasons, nould suggest an intcrcurrcnt secondarj infection 

Certain charaetcristics of this pregnanej an.cnna diiTercntiate it from true 
pernicious anaimta of these the age and sc\ incidence, the course, cither a fatal 
is-uc at or near term, or frcciucntU a rapid rccocerj aftci delivery, and the 
alnencc of the cliaraclcnsttc lcinon-\ cllow coloui and jaundiced scleiotics, arc 
the most striking 

The disease aiqicars to he seasonal m Bomhae , most of the cases occurring 
hetween October and March TIic same incidence is reported by MeSwmey 
from Calcutta (personal commuiiication) In Bombay there arc several factors, 
such as the seasonal cariation in the birth-rate, the anrual c\odiis to the country 
and possibh tiic climatic conditions, which must be considered m relation to tins 
time distribution, but further work along these lines is urgently needed A similar 
seasonal incidences of true jicrnicious an.cmia has been reported bj Bartlett (6) 
who noted in PennsjKania that it had a quite definite incidence in the spring and 
summer 

Unfortunately no post-mortem could be obtained in the present senes, so 
the morbid anatoinj of the condition has not been studied and cannot be com- 
pared with that of pernicious antenna 

The BixioD 

It IS important m all blood cNammations to consider the stage of the disease 
under consideration , tins is particularly so in tlic present instance, as very marked 
and rapidly arising differences occur in the counts and chemical findings as the 
disease progresses either to a fatal termination or to a cure Protocols I and 11 
record the blood findings at first e\aiinnation, that is m untreated cases, and 
w'hen active regeneration is taking place Charts 1 and 2 show the characteristic 
changes graphically 

(a) Red cells, hccmoglohtu and colour index — These will be considered first 
in active, untreated cases, wdiicli may be either ante- or post-partum, or non- 
pregnant The anaemia is tj’pically a macrocytic one, the degree of anisocytosis 
varying broadly with the degree of anaemia Poikilocytosis is not marked, and 
111 this respect these anaemias differ from true pernicious anaemia There is little 
or no polychromatophiha and the number of reticulocytes is low Nuclear 
forms do occur but are infrequent, except in a few cases when there is a shower 
of normoblasts , true megaloblasts are found but normoblasts predominate 

Protocol II shows the change that occurs wdien recovery, either spontaneous 
or more frequently as a result of treatment with hvei extract, is beginning and 
active blood regeneration is taking place There is a marked anisocytosis with 
the presence of many polychromatic cells and cells showing punctate basophilia, 
polychromatophiha being frequently very marked in the macrocytes 



780 


Stud/ies %n ‘ Tet mcwiis Afiwmia ’ of Pi egmncy 


Nucleated forms occur sometimes in large numbeis but again normoblasts 
predominate The reticulocytes increase enormously, but there is a lag in the 
reticulocyte response, the maximum being obtained generally several days after 
the other signs of regeneration mentioned above have passed their maximum 
development The response to liver treatment described above is exactly similar 
to that seen in treated cases of true pernicious ansemia 



CASE e \OI\!-PREGWAIMT. TREATED LIVER EXTRACT FROM FIRST DAV 


The presence of large hxmoglobiniferous cells gives a high colour index 
of 1 0 or more in the untreated cases and at the beginning of treatment, but as 
regeneration takes place the output of red cells runs ahead of the increase in 
haemoglobin and the number of large cells also decreases, so that the colour 
index \ery rapidly falls below unity and values of 0 8 and 0 75 may be obtained 
The response to liver treatment, as stated above, is good , but in the pregnant 
or post-paitum cases the red cell counts and haemoglobin values seldom reach 
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ficfttrcs that could lie ooii'^ulcrcd nornnl iii a European uoman This uas parti- 
cuIirK noticeable in the nndclncred ca«cs, where the highest count obtained evas 
1 2^0000 per cinin Tliesc findings arc parth due to the time factor as so few 
cases present thcmschcs for ticatinent carl\ in pregnanej, hence there is not 
enough tune before dcli\cr\ for high figures to be reached, but the extra 
demands made during prcgnanc\ on the blood-forming organs must also, in our 
opinion lie taken into consideration In an\ case a count of 3,000,000 avas con- 
sidered satisfactori. , as mam so-called hcaltln women of the same class have 
similar counts 



he low colour index found in treated cases has to be borne in mind when 
considering mild cases of this condition Cases were occasionally admitted that 
could not definitely be diagnosed as ‘ pernicious anaemia of pregnancy ’ as the 
counts were not quite typical and the colour indices were low Some of these 
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cases went downhill rapidly, sometimes m the course of a week or ten days, and 
then presented the typical permcious-like blood picture, with macrocytosis and a 
high colour index 

(&) Wlnte cell count — In man)'^ of the seveie untieated cases the white 
cell count, as m true pernicious amemia, is loiv and the inversion of the poly- 
morphs and lymphocytes, typical of the latter disease, is also present The reduc- 
tion m the number of white cells is the moie remaikable as m normal pregnancy 
there is a slight leucocytosis Man}'’ of the cases, howevei, do not show this 
characteristic leucopasnia but have eithei normal oi raised counts, especially is 
this so m the post-partum cases ivhere the raised values are nearly ahvays asso- 
ciated with some degree of sepsis and show a polymorphonuclear leucoc}'tosis 
Besides the relative increase in lymphocytes, myelocytes or even myeloblasts may 
be present, the former sometimes in very appreciable numbers 

When blood regeneration starts, the white pictuie changes very noticeably 
Typically theie is an increase in the total count but the characteristic feature, 
when the initial response to ti eatment is good, is the change in the granular cells 
Numerous myelocytes and metamyelocytes appear and theie is a marked increase 
m the total and relative number of granulocytes, so that the characteristic inver- 
sion of the untreated cases rapidly disappears As improvement continues the 
white cells decrease again m number and the immature granular cells disappear 
from the blood stream 

(c) Platelets — The number of platelets is decreased during the active 
stages of the disease 

{d) Van den Beigh reaction — The number of cases in which this reaction 
'as done in the present series is small, so for purposes of comparison the values 
from another series, previously obtained by Dr Mehta, are included in Protocol III 
In the present senes the test was repeated at legular intervals during the patient’s 
stay m hospital Protocol III gives the figures obtained and these show, in contrast 
to the findings in true pernicious anfemia, that the indirect Van den Beigh reaction 
is not increased but falls ivithm normal limits Case 50 had a high value at one 
determination, but this ivas made when the patient was jaundiced after severe 
hjemorrhages from various mucous surfaces If the cases with a positive Kahn’s 
test or in w'hich malaria ivas diagnosed had been included, much higher values 
would have been obtained , a fact which should be borne m mind when the so- 
called ‘ idiopathic ’ cases are under consideration A high indirect Van den Bergh 
reaction should suggest undiagnosed malaria or syphilis 

It may be noted here that in 39 cases whose urine was examined urobilin 
was found only once, whereas m urine from active cases of pernicious anasmia 
it is constantl}' present 

(c) Other blood chenustiy — The number of analysis made was small 
Certain findings, however, appear to us to be suggestive though a larger series 
of figures is necessary before ver} definite deductions can be made from them 
Protocol IV gives the results up to date and includes a small control series obtained 
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from licaltln prcsriiaiit women of tlic ‘^amc class, and a senes of nntrcated osteo- 
malacia cases If the futures from the series with blood counts under 1 nnlhou 
arc cNchuled, there is no sifrnificant difTerence hctuccn the non-protem nitiogen 
a allies ohlaincd in the control and in the aiia.mic cases In the extreme anemias 
there 1 = a slight increase in the total non-protem nitrogen which is largely 
accounted for h\ the increase in urea so that the ratio is increased abo\c normal 
unlike the ratio from the tox nuns of pregnanev which n decreased The chloride 
figures from the ana.uiic senes arc increased proportionally to the degree of 
anaemia ic, to the increase m plasma \oUmic 

It is the calcium and luorgaiue phosphate figures that arc of interest how- 
ccer 111 mdicidual eases m the anxmie sene-, \ahies were found that suggested 
a condition of latent osteomalacia which was confirmed m scieral cases b} the 
patients suhscqucntU dccclopuig (he samptoms of that dnease \n examination 
of the total accrage figure-- for Iioth calcium and pliosphorus shows that both the 
anxmic and the osteomalacia series Imc lower calcium a allies than the normal 
and that the anremic senes doc- not differ significantly from the osteomalacia 
senes aahercas the aiiamnc cases onla probably haae loaaer phosphorus than the 
normal though the osteomalacia a nine is certainly loaaer than both the normal and 
the anamiic a allies The-e findings suggest that in the anremic series cases occur 
that are dcfimtcia low m both calcium and inorganic phosphorus, presumahla due 
to a lack of aitamin D as m the osteomalacia cases 

Ti^t xiraus 

A test meal of 50 cc of 7 per cent alcohol was used throughout The 
rc'iult of the test meals are recorded in Protocol V It is at once obvious from 
tlie figures tint achlorhadria, far from being constantl} present as m true perni- 
cious amemia, is \er) rarel) present in the condition under consideration In 

one non-pregnant and tiiree pregnant cases no free acid was found, but as the 

mineral chlorides were ahosc 40 per cent in all cases, the achlorhedna is of a 
different order to that foimd in tnie pernicious aiiiemia where the chloride \ allies 
do not exceed 30 to 35 per cent Tlic range of acidity and chloride values is 

similar to that found in any senes of hospital patients 

Chemical examination of urine 

No abnormality was discovered in the urine with the exception of the pre- 
sence of a cloud or trace of albumen m 35 per cent of all cases 

Bacteriological studies 

Emmanuelov and Mehta (7) ni previous w'ork from this laboratory, failed 
to establish the letiological significance of the presence of either B welchn or 
streptococci in the stools and urine of these cases In animal experiments with 
both organisms the typical blood changes w’ere not produced, and the presence of 
such organisms m the stools even m large numbers has been shown by David- 
son(8) in his work on the intestinal flora of pernicious anemia to have no direct 
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relationship to the disease In the presenf studies, the stools from a small series 
of cases were fully investigated m Colonel Acton’s laboratory at Calcutta The 
stools were plated with special reference to the presence of streptococci but 
though numerous organisms, many pathogenic, were isolated, m only one case was 
a streptococcus isolated 

i\Tan) workers, notably Acton (personal communication), think that this 
aiuemia is caused by a streptococcal or other infection, which originates in the 
gut but ^^hlch becomes general owing to changes in the gut-wall allowing the 
organism to pass into the general circulation In the cases studied in Bombay, 
^^e have failed to find any constant gut infection from an examination of the 
stools , but as such negative evidence is inconclusive, the greatest attention was 
paid to the cultunng of the urine to see if any evidence of such infection could 
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be oblaiiiccl by this mean'- Balfotir(l) had previously failed to find erudence 
of a blood infection In blood cultures 

In the CNnniiiiatioii of the urine Xclon’s technique was empIo\ed throughout 
TwtiiU -eight eases were examined before dclncrj the urine w'as sterile m 25, 
grew B cob m 2 and a non-hrcmohtic streptococcus in 1 The cases examined 
po'Jt-parlum \iclded positnc cultures more ficqucntl} as would be expected 
Out of 11 ca-'cs examined hamiohlic streptococci were found in 2, non-hamiolytic 
strcjitococci m 4, a diplilliciOKl organism m I and B colt m one All but one of 
the infected cases were suftcriiig from severe diarrhaa In no case was an 
anevrobe isolated from the urine (Protocol VI) 
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* Crtses trora Calcutta and Madras reported bj Balfour{l) 


Balfoiirtl) has reported a much higher incidence of urinarv infections but 
if her figures, for a senes of cases studied in Madras and Calcutta, are anal)'sed 
It is clear that the majority of the cases were m w'omen who were examined 
post-partum The fact that a large number of the cases occurred in one lymg-in 
hospital, suggests the possibility of an epidemic of puerperal sepsis 

The resting gastric juice w'as also cultured but neither streptococci nor gut 
organisms were ever recovered except in one case from which a streptococcus 
W'as grow'n similar to one obtained from the very septic gums As nearly all 
the cases bad free acid m tbeir resting juice, these results are not unexpected 
Through the kindness of Dr Muriel Robertson of the Lister Institute, 
London, the serum of several of these patients has been examined against antigens 
of B (clam, B zvelchn (3 strains) and vih io» septique but only negative results 
have been obtained 


Dietetic studies 

It W'as recognized early m the investigation that any inquiry into the diets 
or home conditions of the patients that depended on statements made by the 

J, MR jQ 
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patients themselves would be valueless, as the women never give consistent answers 
to any question To remove this difficulty the patients were visited after dis- 
charge and detailed notes of the actual food eaten, number of persons sharing 
meal, conditions of house, etc , were made on six consecutive days From these 
the average daily diet was calculated The results are of considerable interest, 
though their full significance cannot be determined till a much larger series has 
been collected as well as a control senes But the diets collected have shown 
strikingly constant errors, the most important of which is a marked deficiency 
in vitamins A and C, due to the small quantity and poor quality of the fats and 
vegetables eaten Many diets ivere of low caloric value, partly due to the 
extreme fat-deficiency, which is nearly always associated with an absolute pie- 
ponderance of carbohydrate, and partly to the generally small food intake The 
diet of the better class Mahommedans must be excluded from this generalization, 
as it is both high in calories and in fat The fat used is however obviously poor 
in vitamins as in such households, besides cases of ansemia, well-marked cases 
of rickets and osteomalacia are encountered Colorimetric tests for vitamins 
A and D (to be leported in full later) have also shown that the ghee in such 
household is of very poor quality As regards vitamin B there is little evidence 
of a deficiency except in a few cases, chiefly Goanese whose diet consists largely 
of polished rice, white bread and fish As mentioned above, there is frequently 
an associated D deficiency shown by the presence of osteomalacia and rickets m 
the same households Further, several of the patients developed osteomalacia 
while in hospital and the blood analyses also suggested that the intake of D was 
low But th^ fact that the associated B and D deficiencies only occurred in a 
limited number of the cases, suggest that these have no direct relationship whereas 
the constant A and C deficiencies appear to be of astiological significance 

Animal Cxplrimcnts 

The material for this worl- was generously placed at my disposal at Coonoor, 
by Colonel IMcCarrison, who had previously, in his report to the Conference of 
Medical Research Workers at Calcutta in 1927, stated that he had produced in 
rats on certain experimental diets a condition similar in post-mortem appearances 
to pernicious anaemia An examination of the records (9) of these experiments 
showed that on a diet of oatmeal, cornflour and linseed meal with a mixture 
of sodium chloride and calcium phosphate, 25 per cent of the rats developed a 
profound and fatal anaemia In addition 8 other animals developed a severe 
anaemia but recovered In another similar series of experiments, 11 per cent of 
the animals aied from severe anaemia ]\Iany of the animals showed the curious 
lemon-} ellow tint characteristic of pernicious anaemia, but in others the skin was 
pearly uhite The animals were variously housed, some in large and some in 
small colonies while some lived on screens and some on wooden floors Anaemia 
occurred under all these conditions but was slightly more frequent in the large 
colonies which suggests the possibility of a microbic factor The addition, how- 
ever, of 10 cc of milk to each individual’s ration completely protected control 
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annuals from dc\ doping anrcmia wludi would not onlj' suggest that the microhic 
factor was secondar} but that the Mtannns A and C contained in the relatively 
large aurount of milk consumed hj the animals afforded protection against the 
anrcmia 

In the original experiincnt the greater number of deaths from anrcmia 
ocairicd in pregnant animals either after the birth of a stillborn litter or un- 
delivered intra-utenne li.cmorrlngcs were noted post-mortem 

An exammation of the few films available showed a blood picture resembling 
that found in human cases where a certain degree of blood regeneration is taking 
place The slides showed marked anisocytosis of a macrocytic type, increase in 
the number of nucleated forms, niainlv normoblasts, marked poljchromatopliilia 
and punctate ba=ophiiia, and a large increase in the granular leucocytes 

The diets producing these anaemias in rats were all deficient to a marked 
degree in vitamins A and C, but in comparison to the majoritj of the human 
diets thev have a rehtivclv high fat content When fresh milk is added to these 
diets, and animal protein added also, the A and C deficiencies arc corrected 

Discussion 

For an understanding of this disease, it is essential to get a clear conception 
of the clinical entit} It has been thought to be a disease of pregnancy, possibly 
of the nature of a tox'cinia, but our work would suggest that this conception is 
false and that it is a condition occurring in the general female population, though 
more frequent m pregnant women Major Sokhey, in a personal communication, 
tells us that a similar condition is common among men in Bombay, if the tw’o 
conditions are identical, which seems probable, then pregnancy must indeed be 
regarded merel> as an exciting factor It is the great severity and the dramatic 
course of the disease in pregnancy which has attracted the attention of medical 
workers and led to the entity being described as one of the toxiemias of pregnancy 
But It appears rather that it is the extra demand made on the organism by the 
presence of the feetus that leads to an exacerbation of a disease already present 
In this respect ‘ anjemia of pregnancy ’ resembles osteomalacia In China, for 
example, osteomalacia occurs m both men and women, but because of the condi- 
tions of life, IS fa*- more common among women and particularly among pregnant 
women when the demand for calcium and phosphorus is enormously increased by 
the presence of the dev^eloping foetus 

The question of the identity of this amemia and true pernicious anamia must 
be considered Pernicious anaemia has been defined by Cornell(9) as ‘a disease 
of unknown aetiology, showing a characteristic triad of changes in the digestive, 
blood and nervous systems and progressing, usually by remissions, to a fatal 
termination ’ On this definition it is obvious that the anaemia under discussion 
IS not true pernicious anaemia In the anaemia of pregnancy, digestive disturb- 
ances, diarrncea, sore mouth, etc , do occur but the typical abnormality of this 
system— achlorhydria— recurring in practically 100 per cent of cases of true 
pernicious anaemia, is normally absent This is a most significant diagnostic point 
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AAHiatever theories are held as to the aetiology of the two diseases, they must 
account for this striking and constant difference 

Symptoms referable to the nervous system are also absent in the ansemia 
of pregnancy 

The blood count and picture m both conditions are very similar, both show 
defective marrow activity and a similar response when regeneration takes place 
But such blood findings are not diagnostic, they are only symptomatic, and in 
details, as for example the much more marked poikilocytosis and megaloblast 
formation in true pernicious aniemia, the two conditions differ The feature of 
the blood which differs most strikingly, however, is the bilirubin content of the 
serum In active pernicious anaemia the bilirubin content of the serum is typically 
raised, it being an index of the hiemolysis taking place In ‘ pregnancy anaemia ’ 
the figures of the quantitative Van den Bergh reaction fall within normal limits, 
the average figure for the present series being 0 35 units, whereas Cornell(ll) 
quotes results from cases of pernicious anaemia that give an average figure of 
1 88 units Such findings suggest that, whereas in true pernicious anaemia tliere 
is a haemolytic agent responsible for the blood picture in the conditions under 
consideration, hemolysis does not play an important part In this respect and 
m the blood picture, this condition resembles the severe sprue anaemias reported by 
Mackie and his co-workeis (12) 

The evidence reviewed above differentiates this anaemia from true perni- 
cious anaemia The question then arises, is it due to some infective agent ^ As 
stated at the beginning of the paper, cases secondary to malaria, hookworm and 
syphilis have been excluded The so-called idiopathic cases that remain have 
been thought by various workers, notably Acton (personal communication), to 
be due to a streptococcal mfect'on from the gut Others, on the analogy of per- 
nicious anaemia, have considered a B wekhn infection to be responsible The 
results of cultures of urine, faeces and resting gastric juice have lent no support 
to these views, neither have the animal experiments previously reported by 
Emmanuelov and Mehta (7) The streptococcal infections common in cases 
examined post-partum are probably of the nature of secondary infections, and 
the fact that many such cases occurred m groups suggestive of an epidemic of 
puerperal infection lends further support to this view The presence of free 
hydrochloiic acid in the gastric secretion of the majority of the cases makes an 
upwaid extension of the flora of the intestines unlikely Many of the cases, 
however, do suggest a septic or infective condition as they may have high tem- 
peratures, either of typhoid (Widal negative in all cases) or septicaemic type 
The fact that the temperature returns to normal with treatment by liver extract 
alone does not support an infective theory Minot (13) has noted similar falls 
of temperature in cases of pernicious anaemia treated by liver extract and is of 
the opinion that the theory of an infective origin of that disease is no longer 
tenable 

The question of a toxaemia is more difficult The recognized toxaemias such 
as eclampsia, pernicious vomiting and headaches are association with both an 
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increase m hlcod prcs’^virc asid altcraltons lu the non-protein nitrogen consituents 
of the blood The toxic <?tatc rehted to the high intestinal obstruction with 
supposed ali^orption of toxiiw from the gut, is characterized h} high blood urea 
and low chloride \ allies 

In the present senes of cases the cndcncc, as far as it goes, is against the 
condition being i tox einia of prcginnci as the blood pressure is low even in the 
scierest eases •'iid tlic few blood analjscs available do not show' the characteristic 
changes In the most scicrc cases there is a slight increase in the non-protem 
nitrogen conslitncnts, largch due to the raised urea a allies, but no more than 
could he expected in “such a condition when the extreme anaimia would lead to 
some failure of kidnej fiinctioii The chloride \ allies show no reduction but on 
the contran a n=c, which is dirceth related to the degree of anamiia and there- 
fore to the rclatne increase m plasma The aboac caidence is, howcaer, too 
stanta to be conchisiac and further aaork is necessary' before a toxaemia can be 
excluded 

If the caidence for an infcctiae or toxaemia origin for this anaemia is at 
present imcoiia incmg, is there anj' that aaould suggest a nutritional basis, other 
than the fact that ha'cr extract is cfTcctiac as a cure’ The cure of the condition 
h) liacr extract is not m itself a'cra conainciiig, as h\cr is actne m aii} anaemia 
where the marrow function, though depressed, is still stiimilatable and where there 
Is enough iron present for hamioglobm- formation In the cases under considera- 
tion iron IS not a limiting factor, as treatment by iron alone is ineffective whereas 
in5n-free liver extract, w'lthout alteration of the diet or addition of iron, w'lll effect 
a cure 

\ studj of the diets of these cases reveals defects which it is tempting to 
belieae ha\e some relation to the anaemia The defects are lack of vitamins A 
and C, and in spite of the lery \aned diets eaten m the different communities 
studied these defects are constantlj present In certain cases, among Mahom- 
inedans, a large amount oi ghee is eaten, which might be thought to be approach- 
ing an adequate amount But the fact that in such households very severe cases 
of rickets and mild cases of osteomalacia occur suggests that the ghee is either 
adulterated with legetable oils or else, by its method of preparation, deprived of 
its vitamins Such ghee in households that do not obserie purdah, and in Bombay 
onl) Mahommedans do, w'Oiild not necessaril) gne nse to signs of a D defi- 
ciencj, as the members of such households w'ould be exposed to sunlight, which 
would compensate for the D but not for the A deficiencj The frequent 
finding of low serum calcium and blood inorganic phosphate values in the non- 
purdah cases, bow-ever, suggests that there is even in these cases an associated 
mild D deficiency, pointing to an inadequate fat intake 

It could be argued that the whole of the female section of the poorer classes 
in Bombai is suffering from a similar deficiency, but the general prevalence of 
a mild anemia, 3 million odd cells being an average red count for many so-called 
normal pregnant women, only gives further support to a deficienc)- theory' of the 
causation of this disease That the extra strain of pregnancy should precipitate 
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symptoms is easily understandable It is not thought that there is an absolute 
deficiency in either vitamin, for if there were, xerophthalmia and scurvy would 
occur, but that there is a relative deficiency made worse when the extra demands 
of the foetus are added to the normal maternal metabolism 

The animal experiments reported are very suggestive A diet deficient in 
the same elements as those that are lacking in the diets studied in Bombay produces 
an extreme and fatal ansemia, the majority of the animals affected being pregnant 
though a similar condition occurred less frequently and generally in a less severe 
form m non-pregnant animals (9) Koessler and others (14) have reported a 
similar anaemic state in rabbits on a vitamin A deficient diet Our investiga- 
tions up to the present time lead us to believe, therefore, that it is along nutri- 
tional lines of investigation that the causation of ‘ pregnancy an£emia ’ will be 
found We propose, therefore, to put to the test of animal experimentation our 
working hypothesis that ‘ the fundamental factor in the causation of the anaemias 
of pregnancy is chronic insufficiency of vitamins A and C ’ 

Our thanks are due to Dr Margaret Balfour for much help and advice, 
and to the Staff of the Cama and Wadia Hospitals, Bombay, for permission to 
work on their cases, also to Mrs Talpade, m b , for her assistance m the wards 
and the laboratory 
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course lasted for a total of 28 days The results, as compared with the treat- 
ment of a similar type of patient given the cinchona alkaloids, were exceptionally 
good 

Some of the conclusions reached were that 'T^^smoqume was much more 
effective in producing a permanent cure in benign tertian malaria ’ than was 
quinine, hut that ‘ the margin of safety m the dosage of plasmoquine renders it 
necessary that further experiments should be earned out to determine the best 
dosage and duration of treatment, before the drug is issued for general use 
outside hospitals ’ The combination of quinine with plasmoquine seemed to be 
more effective in the production of both clinical and radical cures of the disease 
than plasmoquine alone 

Since the completion of the research previously recorded, further work has 
been earned out with the object of obtaining more definite information on the 
optimum dosage of the drug and the minimal duration of treatment necessary to 
produce a permanent cure of the disease The results of the continuous course 
of treatment with plasmoquine and quinine combined, made it seem probable that 
a high percentage of radical cures might be obtained by continuous treatment with 
smaller doses of plasmoquine, if combined with the same doses of quinine as 
before, and at the same time the toxic manifestations might be reduced, if not 
entirely abolished, by such treatment Even if a smaller dosage was followed by 
a few relapses it would be of minor importance, if the toxic symptoms could be 
avoided, because it would open up the benefits of such treatment to patients who 
could not be kept under strict observation and hospital control 

Details of the methods, etc, used in the researches 

The routine procedure used m testing the properties of plasmoquine was 
similar to that already given m detail in previous articles of this series The 
patients were all young European soldiers from the same population as that 
described m previous work, and were treated under similar conditions (Smton, 
1927) The patients were sent to the Treatment Centre because treatment with 
the cinchona alkaloids had failed to produce a radical cure of the disease after 
many attempts 

These patients on arrival at Kasauh were subjected to weekly blood examina- 
tions by the thick-film method and m no case was specific treatment begun, unless 
P vwa\ was detected in the peripheral blood immediately before the commence- 
ment of treatment As in previous researches, a preliminary purgation with 
calomel and magnesium sulphate was given before any course of specific treat- 
ment was started 

Treatment \mth plasmoquine and quinine by the oral route 

The combination of plasmoquine and quinine, ‘ plasmoquine compound,’ issued 
by the makers, contains 0 125 grm (2 grams) of quinine to every 0 01 grm of 
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plasmoquiiic For reasons w Inch w ill be discussed later, it was decided not to 
use ‘ plasinoqume compound ’ as such, but to give tablets of pure plasmoqmne, 
followed bj quinine culphalc in solution in two daily doses of 0 625 grm 
(10 grainsj each, the mixture used being the qumme-sulphate-citric-acid-magne- 
siuni-nilplnle one described m prciious work (Smton, 1926o) 

Two «cnes of patients were started on this tjpe of treatment for a period 
of 21 dais contmuouslj, with as few intervals as the development of toxic 
symptoms would allow The daih dosage m Senes I was 0 06 gnn plasmo- 
qmne and m Senes II 0 04 grm , but as will be seen later the occurrence of many 
toxic effects prevented some of the iiaticnts in Senes I from completing the full 
course of 21 da>s with plasmoqumc 

Si. I ICS I The scheme mapped out for this scries was to give 0 06 grm 
plasmoqumc dailv, supplemented bv a dail) dosage of 1 25 grm (20 grains) 
quinine snljihatc m solution The dnigs were given m doses of half these amounts 
twice dail} The treatments were started with some of the original consign- 
ment of plasmoqumc supplied free bv the makers, but when this was exhausted 
at the end of lime 1928, a new consignment purchased m India m March 1928 
was commenced Within a few davs after the commencement of the new supply 
of the drug severe toxic svmptoms occurred m sev'cral cases, so plasmoqumc 
treatment was suspended m this senes In those cases whose plasmoqume treat- 
ment had not been completed, the dailj dose of 1 25 grm (20 grams) of quinine 
was continued until the 21st day of treatment was finished 

Sevente.n patients were started on this line of treatment, of whom 7 com- 
pleted the full 21 da} s’ course of plasmoqumc and quinine, six patients completed 
8, 9, 11, 14, 16 and 17 davs respectively with plasmoqume and quinine and the 
remaining four received only 4 days of the combined treatment All the patients 
completed the full course of 21 da}s of quinine treatment 

Senes II On account of the sudden development of many toxic symptoms 
m the cases mentioned above, it was decided that, with this sample of the drug, 
doses of 0 06 grm daily were too great, so a new senes of treatments was com- 
menced m which the daily dose of plasmoqume was 0 04 grm and that of quinine 
the same as before, le, 1 25 grm (20 grams) daily This course was earned 
out for 21 days 


♦The onginal ‘plasmoqume compound’ issued, contained ffOl grm plasmoqume and 
0 125 grm quimne sulphate combined in tablet form Since then the makers hav e issued another 
tablet containing onij half these amounts of the drugs This has led to some confusion when 
treatments are recorded m the number of pills given dailj, as has been done in several reports 
on this form of treatment We also understand that in India, where this drug can be bought 
without a medical prescription, patients have been Icnowm to take, not realizing the difference, 
the larger tablets instead of the smaller ones, and m the same numbers, and that dispensers 
have made similar mistakes The necessitj for an accurate statement of dosage cannot be too 
strongly emphasized On two occasions we have noticed in annotations and abstracts of work 
on plasmoqmne treatment that, through a shift of the decimal point, the dose recommended w-as 
ten times that gnen in the original, indeed in one such annotation the daily dose of the dnm 
IS given as 2 grms 111 ^ 
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TrCATMCNT with INTRAMUSCUI,AR INJCCTIONS 0? PLASMOQUINC COMBINED 

WITH QUININE GIVEN ORAEEY 

Through the kindness of the Havero Trading Co , Calcutta, the agents of 
the I G Farbenindustrie Aktiengesellschaft, who manufacture plasmoquine, we 
were supplied with samples of a 1 per cent aqueous solution of plasmoqume m 
capsules for use by intramuscular injection The makers recommend this method 
of treatment ‘ m cases of tertian and quartan malaria which run a severe course 
accompanied by mental torpor or coma, further in cases where intestinal disturb- 
ances preclude effective oral administration and m blackwater fever at all stages ’ 
The instiuctions foi injection were as follows — ‘ The aqueous solution is 
generally injected intramusculaily, but the intravenous route can also be used 
The outer and upper quadrant of the gluteal region is the most satisfactory site 
of injection The injections are well borne and do not give rise to distuibing 
sequelae or prolonged pain, nor do they cause infiltrations Subcutaneous injec- 
tion should be avoided, as it is followed by a burning sensation at the site of 
injection which lasts for some hours, although it does not cause inflammation ’ 

The dosage recommended in tertian and quartan malaria was a daily injec- 
tion of 3 to 6 c c of the solution (i e , 0 03 to 0 06 grm plasmoqume) for one 
week, followed by a rest of 4 days, then the treatment is resumed in the same 
dosage for 3 days followed by a second interval of 4 days This after-treatment 
of 3 days’ treatment and 4 days’ interval is to be continued for 5 weeks 

From our experience of the benefits of a combined quinine and plasmoqume 
treatment, it was decided to try small intramuscular injections of plasmoqume 
and at the same time to give quinine solution by the month 

Senes III Six patients were tieated with intramuscular injections of 0 03 
grm plasmoqume daily into the gluteal region for 6 days and at the same time 
10 grams of quinine m solution was given daily by the mouth After the in- 
jections were' finished, the quinine dosage was increased to 20 grains in two daily 
doses of 10 grams each continued for a further week The injections were well 
borne and no pain was complained of at the site of injection nor was any inflam- 
mation noted No toxic symptoms were observed in this series 

RCsuets or treatment IN the prevention of REEAPSE 
Relapses were diagnosed as heretofore by the finding of parasites in the 
peripheral blood by the thick-film method of examination These examinations 
were earned out veekly for at least eight weeks after the completion of all 
treatment 

The results of treatment are summarized m Table I m which have also been 
included, for the purpose of comparison, the results of our previous work with 
plasmoqume and plasmoqume compound (Smton and Bird, 1928) 

Senes I The seventeen patients m this series completed their full period 
of observation after trealnient and in no instance was a relapse observed These 
lesults go to show that i^en smaller doses of plasmoqume than those originally 
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♦ Senes recorded m previous work (Sinton and Bird, 1928) 
t Intramuscular injection 
$ Later clinical history records no relapses 
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suggested are capable of producing a permanent cuie in a large number of cases 
of chronic benign tertian malaria The fact tliat some of these patients only 
received 4 days of plasmoquine treatment, suggests that shorter courses of plas- 
moquine, if followed by more piolonged quinine treatment, may also be an 
efficient method of treatment, or least deserves further trial 

Se'i les II Amongst the 44 patients m this series relapses were detected in 
three cases but in two patients a full observation period of 8 weeks by blood > 
examination could not be carried out, the obseivation periods being 2 and, 5 
weeks respective!)- The later histones of these two cases were traced and m 
neither instance had relapse been reported at a later date 

From these figures it would seem that a high percentage of permanent cures 
can be obtained, with little toxic risk m a robust population, with even as small 
a daily dosage as 0 04 grm of plasmoquine, if this is combined with quinine 
The percentage is so high that it seems to us doubtful whether a higher dosage 
IS justifiable in an attempt to obtain a few extra cures, which could probably be 
obtained by anothei course of treatment if relapse occurs 

Sales III One of the six patients treated by intramuscular mjection was 
lost sight of before the end of the period of observation and in none of the other 
five was a relapse detected The number of patients tieated with this low dosage 
of plasmoquine are too few on which to generalize, but suggest that even smaller 
doses than 0 04 gim of plasmoquine, in combination with quinine, may produce 
a high percentage of permanent cures 

Quinine Confiol Scnc^ Among the 38 contiols, relapses weie obseived m 
15 or about 42 per cent 


ThP B;?'Iii:CTS OF 'rRF\TMENT ON THF DURA'TION OF P Vivax IN THF 

PERIPHERAL BLOOD 

For the purposes of comparison the duration of parasites m the peripheral 
blood as determined by the thick-film method have been given in Table II, m 
which the results observed iii our previous work (Smton and Bud, 1928) have 
been included 

From this table it will be seen that m only two instances (3 per cent), out 
of the 71 patients observed, were parasites found after 36 hours from the com- 
mencement of treatment, when quinine was given m solution along with plasmo- 
quine, while m previous work where the quinine was given in tablet form in the 
same doses and with larger doses of plasmoquine, 17 per cent of the cases still 
showed parasites after 48 hours The quicker rate of disappearance m the former 
case may have been due to the better absorption of the quinine from the standard 
quinine solution than from the tablets 

From these results it would appear that the combination of plasmoquine and 
quinine has probably a more rapid action m clearing the peripheral blood of 
parasites than either drug given alone 
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25 


Months 


Total children 

I examined 

1 

Children \ nth 
enlarged 
spleen 

Spleen-rate 

A\ erage 
spleen 


Average 

enlarged 

spleen 


1928 


May 

250 

219 

87 6 

3 39 

3*72 

June 

193 

162 

83 9 

3 00 

3 37 

July 

192 

161 

83 9 

3-02 

3 42 

August 

207 

176 

85 0 

3 24 

3 60 

September 

218 

191 

87 6 

3 32 

364 

October 

231 

214 

92-6 

356 

3*77 

November 

1 226 

211 

93-4 

1 3-73 

3 92 

December 

1 

217 

92-7 

396 

419 


Appendix III 

Sumdtala Spleen Records, 1Q26 — 1928 


^lonths 

Total children 
examined i 

1 

Children with 
enlarged 

1 spleen 

Spleen-rate 

Average i 
spleen 

Average 

enlarged 

spleen 



1926 



June 

I 91 

61 

67 0 

2-73 

3 59 

July 

89 

63 

70-8 

2*81 

3 55 

August 

1 

67 

75 3 

2*89 

3*52 

September 

89 

72 

80-9 

1 

3 08 

3*58 

October 

92 

77 

83-7 

2-98 

3 36 

November 

81 

66 

815 

3*95 

3 52 

December 

89 

71 

79-8 

2*87 

3 35 


1927 


January 

87 

70 

80*5 

2-49 

3 28 

February 

83 

57 

68-7 

2 41 

3 05 

March 

V 

59 

67*8 

2*38 

3-03 

April 

1 

89 

60 

674 

1 

2*34 

2 98 

May 

84 

51 

607 

2-05 

2-74 

June 

87 

48 

55 2 

188 

1 

260 
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Appexdix IY — concld 


Months 

Total children 
e.\aniineJ 

Children with 
enlarged 
spleen 

1 

! spleen-rate 

1 

Average 

spleen 

Average 

enlarged 

spleen 



1926 



October ' 

119 

116 

97‘5 

4 04 

412 

No\ ember 

110 

107 

97 3 

3-95 

4 03 

December 

113 

110 

97 3 

3 65 

372 



1927 



January 

109 

103 

945 

3 47 

3 62 

February 

109 

101 

92-7 

3 20 

3 37 

ifarch 

103 

94 

913 

3*15 

3*35 

Apnl 

107 

97 

90-7 

3-07 

3 28 

}ilay 

112 

93 

83 0 

2-82 

319 

June 

111 

85 

766 

2-53 

3 00 

July 

111 

86 

77 5 

2-55 

3 01 . 

August 

109 

83 

761 

2-35 

>78 

September 

117 

92 

78-6 

2-25 

>57 

October 

125 

113 1 

1 

90-4 

3*21 

3-45 

No\embe'' 

[ 

125 

113 

90-4 

3-44 

3-71 

December 

124 

113 

91 1 

3 57 

382 



1928 



January 

121 

114 

94-2 

i 3*58 

3 74 

February 

121 

112 

92-6 

i 

1 3*52 

372 

^farch 

117 

106 

906 

3 24 

3-48 

April 

116 

105 

90-5 

3*13 

3-36 

Alay 

116 

101 

871 

3 03 

“3-32 

June 

88 

80 

90-9 

293 

312 

July 

96 

86 

89-6 

3-03 

3-26 

August 

98 

88 

89-8 

3-12 

3-36 

September 

107 ! 

99 

92-5 

3-28 

3 47 

October 

Ill 

107 

964 

3 55 

364 

No\ ember 

lOS 

106 

98-2 

365 

3-70 

December 

111 

107 

964 

378 

3-88 
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Seasonal Vanations of the Spleen-Rate 


Ai'i’i:ndix V 

Jaliapiit Spleen Rctotds, 1926 — 1928 



DtlAILSOl Sl>I,ENIC tNtAKCLJlENT 




June 

66 

63 

3 

95 5 

13 

July 

65 

63 

2 

93 9 

11 

August 

61 

60 

1 

98 4 

8 

September 

65 

65 

0 

100 0 

4 

October 

65 

65 

0 

100 0 

0 

November 

56 

56 

0 

100 0 

0 

December 

59 

59 

0 

100 0 

0 


1926 


13 11 12 6 ( S 4 00 I 4 15 

21 12 4 8 7 3SS 3 97 

16 17 2 7 10 418 4 23 

14 23 7 7 10 4 45 4 45 

0 25 12 11 8 4 75 4 75 

7 18 14 9 S 4 87 4 87 

11 n 28 12 5 5 12 5 12 


1927 


January 59 59 0 100 0 0 

February 59 59 0 100 0 0 

March 50 50 0 100 0 0 

April 53 S3 0 100 0 0 

May 50 SO 0 100 0 1 

June 56 56 0 100 0 1 

July 53 S3 0 100 0 1 

August 54 54 0 100 0 2 

September 53 53 0 100 0 9 

October 53 53 0 100 0 1 

November 57 57 0 100 0 0 

December . 54 54 0 100 0 0 


1 17 I 24 i 10 7 j 508 5 08 

1 13 25 9 II 5 27 5 27 

5 17 15 9 4 4 80 4 80 

5 19 IS 8 3 4 72 4 72 

5 23 13 6 2 4 48 4 48 

8 28 14 5 0 4 25 4 25 

8 26 14 4 0 4 23 4 23 

14 23 10 5 0 4 04 4 04 

20 12 7 5 0 3 60 3 60 

19 20 9 4 0 3 92 3 92 

2 10 24 16 5 5 21 5 21 

0 7 I 25 17 5 5 37 5 37 


1928. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

Novemb'^r 

December 


59 

59 

0 

56 

56 

0 

54 

54 

0 

57 , 

57 ; 

0 

57 

57 

0 

40 

40 

0 

34 

3 

0 

44 

44 

0 

43 

43 

0 

47 

47 

0 

47 

47 

0 

51 

51 

0 
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Chart 2 

KRISTTNAGAR VirXAGRS 
Alontlily vanahoii? of spleen index and average spleen 
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Ch\rt 4 
SIMULTALA 

Monthly variations tn spleen index, aveiaqe spleen, and aveiage enlarged 

spleen, 1926—1928 
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THE DEPIGMENTED PATCH IN LEPROSY A CLINICAL AND 

PATHOLOGICAL STUDY 


BY 

JOHN M HENDERSON, mb, ch b (Glas), 

Working unde) the Biitish Bnipnc Lcpiosy Relief Association at the School of 
Tiopical Medicine and Hygiene, Calcutta 

[Recened for publication, January 5, 1929] 

(1) The relationship op the depigmented patch of Leprosy to the 

disevse as a whole 

Inability to produce a condition of generalized leprosy in lower animals, 
together with the prolonged incubation period of the naturally-occurring disease 
in man, prevent the definite statement that the depigmented patch represents 
the initial lesion in all cases of leprosy, or even in a majority of cases 
The frequency 'vith which depigmented patches make their appearance as first- 
noticed lesions has, however, been noted by various workers Rogers and Muir 
(1925), m an analysis of first-noticed lesions in 252 Indian patients, found that 
depigmented patches constituted the apparent primary lesion in 212 (84 1 per 
cent) Gomez, Basa, and Nicolas (1922), in their studies of early lesions in 
the children of lepers in the Philippine Islands, described the appearance of whitish 
patches resembling morphoea spots as the earliest manifestation of the disease in 
a considerable proportion of their cases This feature has also been noted in the 
children of lepers m India On the other hand, there is one group of cases in 
which the depigmented patch is almost certainly not the primary lesion, namely, 
those patients m whom the onset of the disease is signalized by the simultaneous 
appearance of multiple depigmented patches in different parts of the body Such 
cases represent an actue dissemination of the disease from a latent focus either 
m the lymphatic glands or possibly m the nasal mucous membrane 

(2) CiiNic^L t\pFs of the depigmented p\tch 
Several varieties of depigmented patches can be obserred clinically 
(n) The first rariety — which we may describe as the pen-folhcular type — 
takes the form of a collection of discrete pin-head-like spots occurring around 
J, MB ( 33 ) 3 
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The Depigmoited Patch in Leptosy. 

tile mouths of the halt follicles In addition to the depigmentation there is a 
mild degiec of hypei-kciatosis aioiind the mouths of the hair follicles and a 
distinct sensation of roughness is conveyed to the palpating finger This peri- 
folliculai type of lesion is, in oui expeiience, of lecent occurrence that shown in 
the colouied Plate If, fig 1 was, accoiding to the statement of the patient, an 
intelligent woman, only of 15 to 20 days’ duration 

(fi) 1 he second vaiiety — which may he regarded as a further development of 
the pen-folhculai type — piesents itself as a more or less uniformly depigmented 
area of A'arymg sixe The edge of the patch may shade off into apparently normal 
skin 01 may piesent a peii-folhculai zone of depigmentation The latter appear- 
ance IS indicative of a piogiessive lesion wliere it occurs m a patch which has 
hitherto piesented a uni foi inly depigmented appearance, it is indicative of a 
le-activation of the lesion Broken stunted hairs can be detected throughout this 
type of lesion and variable degrees of keratosis are commonly present (Plate 
III, fig 2) Wheie a single depigmented patch is present on the skin surface, 
this IS the type most commonly met with The duration of such patches varies 
considerably in different cases, but they aie commonly of much longer standing 
than the pen-folhcular type Those winch have evisted for years, showing no 
tendency either to extend oi to regress, are essentially of the nature of scars 

(c) The thud vaiiety is essentially an extension of the simple flat depig- 
mented patch described above It takes the form of a large plaque-like lesion 
covering a consideiable aiea of a limb, usually the extensoi aspect, or a large 
portion of the trunk Well-marked keratosis, amounting in some cases to a 
condition similar to ichthyosis, is frequently met with m this type of lesion 
Lesions of this type ate very chronic, that shown in Plate III, fig 3 is of at 
least 20 years’ duration 

(d) The ‘zone’ type of patch represents a transition stage between the tiue 
depigmented patch and the erythematous lesion The appearance presented is 
that of a flat depigmented patch bounded, either wholly or partially, by a raised 
erythematous bordei (Plate IV, fig 4) 

(e) The ‘ mottled ’ type of patch is one which is not very commonly seen m 
untreated cases It presents the appeaiance of a depigmented patch m which there 
IS a return of pigment around the mouths of the hair-follicles This type of 
lesion IS mucli moie commonly observed m cases undergoing treatment and arises 
as the result of the application of counter-irritants to a patch m which depigment- 
ation was previously more oi less uniform (Plate IV, fig 5) 

(3) Attributes or tiiE depigmented patch 

These have been very fully dealt with by other workers and need only be 
touched on here 

(a) Depiffme/ifafton— This varies in degree, tending naturally to be more 
striking in dark-skinned patients Excluding this, however, variations m the 
degree of depigmentation occur in patients whose skins aie of approximately equal 
tint In general, recent patches show relatively more depigmentation than those 



Plate II 
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of longer standing It would appear that there is a partial restoration of the 
piginent-forming function of the skin in certain quiescent and long standing cases, 
even in the absence of treatment Lesions of the palms and soles show relatively 
a less striking loss of pigment than those elsewhere, owing to the fact that the 
natural deposition of pigment in these areas is less in amount than on the body 
surface generally Depigmentation in leprosy is relative, not absolute, and is very 
seldom comparable in degree to that seen m leucoderma 

(b) Aiicustlicsia to light touch This is a variable feature It is very 
commonly present in the simple flat depigmented patch and in the plaque type of 
lesion, pariesthesia is, in our experience, a more common finding than superficial 
anaesthesia m the peri-follicular type of lesion In the ‘ zone ’ type of lesion, 
anaesthesia at the centre with paraesthesia at the periphery is the common finding 
In the relatively few examples of the ‘ mottled ’ type of lesion that we have been 
able to examine, aniesthesia has been present in these cases treatment was 
apparently of some value m stimulating recovery of the pigment-forming function 
of the skin only In general, lesions of the limbs are more commonly anaesthetic 
than those of the trunk (The papers of Monrad-Krohn, Rogers and Muir, and 
Rodriquez, should be consulted for a more extensive review of this aspect of the 
subject ) 

(c) Para- and hyper-keratosis and distortion of the hair follicles have already 
been noted Anhydrosis is also commonly present in depigmented patches and 
there may be compensatory hyperidrosis in the immediate neighbourhood 

(4) Histologicai, appearances 

The histological appearances vary with the type of lesion , in the earliest type, 
the predominant feature is a proliferation of endothelial (or endothelial-like) cells, 
confined at first to the central area of the papillie of the corium, along the hair 
follicles, surrounding the sweat and sebaceous glands, and along the lines of the 
subpapillary and corial lymphatic plexuses (Plates V, fig 6 and VI, fig 7) In 
slightly more advanced types of lesions one finds that the proliferation of cells is 
not confined to the areas mentioned above, but that it fills up the papillae of the 
corium, forms a definite mantle around the hair follicles, sweat and sebaceous 
glands, and invades the portions of the corium adjacent to the subpapillary and 
corial lymphatic plexuses (Plate VI, fig 8) Another feature of interest m the 
depigmented type of lesion is the increase in numbers of the so-called ‘ mast ’ cells 
These cells are present m normal connective tissue they show up well when 
stained by Ziehl-Neelsen’s method and present the appearance of small, irregularly 
oval or spindle shaped structures containing dark red or purplish granules In a 
considerable proportion of the depigmented patches that we have examined there 
IS a definite increase m the numbers of these cells 

In patches in which the depigmentation is a well marked clinical feature 
sections stained by Levaditi’s silver method show a diminution in the concentration 
of melanin pigment granules, particularly m the basal-cell layer of the epithelium 
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(Plate VII, figs 9 and 10) The appearances are naturally not so stnking as 
m leucoderma 

In the simple and relatively recent depigmented patch there is httle apparent 
reaction on the part of the tissues to the invasive process Lymphocytes can be 
seen among the proliferating endothehal-like cells but fibroblasts do not constitute 
a prominent feature In the chronic quiescent type of patch, the appearances are 
essentially those of scar formation with fibrosis and sclerosis along the lines of 
previous cellular proliferation (Plate V, fig 11) 

The ‘ zone ’ type of lesion, which appears to represent a transition stage 
between the depigmented patch and the erythematous type of lesion, shows rather 
a different picture microscopically Endothelial cell proliferation and tissue 
reaction are both more intense than in the simple flat depigmented patch and there 
IS dilatation and apparent new formation of capillary blood vessels Fibroblast 
and lymphocyte proliferation break up the accumulation of endothelial-like cells 
into more or less isolated foci, giant cells are commonly present, and the whole 
picture closely resembles a tubercle follicle with the notable exception that necrosis 
IS not present — at least in our experience (Plate VII, fig 12) 

These appearances have been described m a previous paper (Henderson, 
1928) 

The relationship of the specific organism of the disease, Mycohactenum leprce, 
to the depigmented patch is a very vaiiable one Organisms are always 
few in number and in patches of long standing none may be found even after 
prolonged examination of serial sections 

Where organisms are present they may be either inside the endothelial-hke 
cells, or at other times, inside the lumina of lymphatic vessels, or again, free in 
the surrounding tissues Where the organisms are intra-cellular, the cells contain- 
ing them manifest no degeneiative changes this feature combined with the lack 
of tissue response — at least in the simple depigmented patch — indicates the 
essentially low pathogenicity of the organism at this stage of the disease 

The acid-fast granules of ‘ mast ’ cells, which in addition to being inside the 
cells may also be extruded into the surrounding tissues, must be differentiated 
aggregations of such granules may closely resemble aberrant forms of M leprce 
Acid-fast inclusions are also demonstrable inside the cells of sweat glands, even 
in normal skin and these must also be differentiated 

Unna (1896) regarded such granules as ‘bacilli alteied by the secretion of 
the coil glands ’ but their presence in normal skm calls for a modification 

of this view 

Uncertainty still exists regarding the exact nature of the cellular response to 
invasion of the tissues by M lept cb this uncertainty is largely due to the confusing 
terminology which has accumulated with reference to macrophage cells, particularly 
those of the connective tissues We have referred to a proliferation of endothelial 
or endothehal-like cells including therein the true endothelium of the blood 
capillaries and lymphatic channels and ajso the morphologically similar cells lying 
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free m the connective tissue These last may be referred to as wandering endo- 
thelial phagocytes and Sabin in her latest work derives them definitely from the 
endothelial cell These are the cells which in more advanced lesions of the nodular 
t)pe become crammed with the specific organism of the disease, assume the well 
known ‘ foamy ’ appearance, and are then usually denominated ‘ lepra cells ’ 

(5) Rei,\tionship bi,tvvi:i;''I clinic \l picture \nd histo-pathological 

VPPE VILVNCES 

When we come to the correlation ot the pathological with the clinical findings, 
we are on much more difficult ground largely owing to lack of precise knowledge 
regarding the anatomy and physiology of the skin 

(n) Dcpigmcntation — The precise mode of pigment formation in the skin 
is still under debate Briefly there are two views, (i) that held by English and 
certain American dermatologists to the effect that the formation of the normal 
skin pigment, melanin, takes place in the basal layer of the epithelium, («) the 
view of Bruno Bloch (1917), of Acton (1922), and of certain of the continental 
observers that pigment formation is a function of certain speaahzed cells, the 
melanoblasts, lying m the upper part of the corium, the pigment reaching the 
epithelium by lymphatic drift Recent work has demonstrated that melanin or 
its precursor is a derivative of protein decomposition and hence it is closely bound 
up with intestinal metabolism Disturbances in pigment formation may therefore 
result from abnormalities in two directions, (i) abnormalities of protein meta- 
bolism, (u) interference with the transport of the pre-melanin substance or 
substances to the melanoblasts — or to the cells of the basal layer of the epithelium 
So far as w'e can judge, there is no interference witli protein metabolism in the 
early stages of leprosy the partial depigmentation of the lesions under discussion 
would appear to be due to the mechanical action of the proliferated endothelial 
cells interfering with the blood and lymph supply to particular areas and hence 
interfering also with normal pigment deposition in these areas 

{b) Nerve disturbances — The vaneties of sensory disturbances most com- 
monly met with are hyper£esthesia and paraesthesia — either or both of which may 
be present before any lesion is definitely present — followed by analgesia, anaesthesia 
to light touch, and loss of thermal sensation Presumably there is irritation of 
the sensory receptors in the skin followed by inhibition of these structures as the 
disease spreads in the skin and up the fine nerve terminals The early onset of 
analgesia is a feature of interest it might be imagined that pain being a form of 
‘ protopathic ’ sensibility would not be affected at such an early date as the sensa- 
tions of light touch and slignt temperature discrimination which are subserved by 
the more highly differentiated ‘ epicntic ’ fibres There are two possible explana- 
tions (1) The nature of the pain receptor which is believed to exist as a free 
axon termination without a surrounding capsule, thus diffenng from the fibres 
subserving other cutaneous sensations which commonly end in more complicated 
end-organs (2) The second possible explanation is provided by the recent work 
of Adrian (1926) This worker has shown that the pain receptor is charactenzed 
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by a very brief duration of the dischaige winch resiiltb from weak stimuli he 
suggests that these brief disoharges may not be adequate to evoke the pain 
response, but may serve instead foi momentary sensations of contact We may 
imagine, therefore, that the pam leceptors, lacking the protection afforded to the 
other receptors by the possession of a surrounding capsule, are damaged at an 
earlier date by the leprotic cellular proliferation m the papillae of the corium The 
threshold of adequate stimulation is raised and stimuli which should be interpreted 
as painful are interpreted as sensations of cbntact only 

(c) Hair follicle and gland disturbances — Distortion of hair follicles and 
absence of sweat and sebaceous secretions are explicable on purely mechanical 
grounds, viz , the marked cellular proliferation around these structures leading to 
interference with their nutrition and function 

(d) Hyperkeratosis and paiakeiatosis — Irregularities in cormfication are 
partly of ‘ central ’ and partly of ‘ peripheral ’ origin Where the condition is a 
mild one the explanation is probably to be found locally, viz , as a result of deficient 
blood supply to the particular area Where, however, there is an ichthyotic-like 
condition there is probably in addition depressed thyroid function depressed 
thyroid function can be detected clinically, particularly m the colder periods of the 
year, m an appreciable proportion of cases 


Summary 

In this paper an attempt has been made to present a description of the 
depigmentated patch in leprosy from the clinical and pathological view points 
The relationship of this particular type of lesion to the disease as a whole is 
discussed The different clinical varieties of patch are then dealt with together 
with a brief reference to certain attributes of this type of lesion The histological 
changes are next reviewed and lastly an attempt is made to correlate the clinical 
picture With the histological findings 

My thanks are due to Lieut -Col H W Acton, i m s , the Director, the 
School of Tropical Medicine and Hygiene, Calcutta, for helpful suggestions during 
the course of this investigation and to Dr E Muir, m n , P r c S (Edin ), in charge 
of Leprosy Research for permission to publish this paper 
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The phenomenon of the sedimentation of erythi ocytes, noted and described 
by John Hunter and others over a hundred years ago and adapted to chnical uses 
by Fahreeus (1921) has found a wide application in the study of different 
physiological and pathological conditions Perusal of the available literature does 
not reveal any extensive investigation into the effect of external temperature on 
this phenomenon Gram (1921) states that ‘the sedimentation increases with the 
surrounding temperatuie till 30 Celsius ’ This statement is based on the examina- 
tion of two pathologic double specimens kept lespectively at 20 and 28 Celsius 
It was decided to investigate this point moie fully 

Methods — We employed a modification of the technique now used as a loutine 
in the Eeprosy Research Laboiatoi v (Mini 1928) 0 6 c c of a 5 per cent solution 

of sodium citrate in distilled water is placed in a 5 c c all glass syringe and to 
It IS added 2 4 cc of blood from the median basilic vein, 1 cc of the blood 
citrate mixture is tcdvcn in each of two 1 c c pipettes graduated in 1/lOOths of a 
cc The pipettes are placed in suitable racks and their lowei ends are plugged 
by being inserted into holes bored in rubber corks One of the pipettes is kept 
at room temperature (which varied from S^C to 22 S^C during the course of 
these investigations), while the other is placed in the incubator at temperatures 
varying from 35° to 37°C The top level of the erythrocytes is read off every 
^ hour up to 2\ hours (le, 5 leadings in all) and the mean of readings 3 and 
5 (at hours and 2\ hours respectively) multiplied by 10 is taken as the index 
of sedimentation 

In all, 90 samples of blood were tested by this duplicate method, of these 
59 were obtained from cases of leprosy of different types and stages, while the 
remaining 31 were obtained from cases of kala-azar, tuberculosis (pulmonary and 
o-land), syphilis, skin disease and dog-bite 
^ { iO ) 
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Table I shows the frequencN distribution of the sedimentation indices of the 
90 samples, the readings being taken at room temperature ( 8 ° — 22 S^C ) 


Table I 

Frequency duti ibtitwn of sedunentnUon indues of 90 samples of blood at room 

tcmpeiatuie ( 8 ° — 22 5°C ) 


Sedimentation 
index classes 

Mid point of 
sedimentation 
class 

Frequency 

(Z) 

Deviation from 
origin in class 
units (X) 

1 1 

Zx 

Zx’ 

0—9 

45 

13 

0 

1 

0 

1 

0 

10-19 

14 5 

10 

1 

10 

10 

20-29 

245 

6 

2 

12 

24 

30-39 

34 5 

11 

3 

33 

99 

40—19 

44 5 

1 

1 14 

4 

56 

224 

50—59 

54 5 

17 

5 

85 

425 

60—69 

645 

II 

1 

6 

66 

396 

70—79 

74 5 

8 

7 

So 

392 

Totals (S) 


! 90 

1 


318 

1,570 


From this table we can derive the following statistics — 

( 1 ) iMoments about the arbitrary origin at a sedimentation rate of 
(V_ and V;) 


,, _ SfZx) _ 318 
^ S(Z) 90 
_ S(Zx 2 ) __1570 
S(Z) 90 

(2) Moment about the mean t 2 


= 3 533333 
= 17 444444 


-T 2 = V 2 - (Vi)2 = 17 444444 — 12 482089 
= 4 962355 


4 5 


(3) Corrected moment about the mean (/())= moment about the mean — 
Sheppard’s correction for grouping 

= 772—0 083333 

= 4 962355 — 0 083333 = 4 879022 


(4) Mean 

Sedimentation index at point of arbitrary origin = 4 5 
Number of class units from origin to mean (Vi) = 3 533 

Number of sedimentation indices per class = 10 


35 33 

Mean sedimentation index for group = 4 5 + 35 33 = 39 83 
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(5) Standaicl deviation ( <t). 

a — \/jc, — v^4 879022 in class units 
= 2 20SS5S in class units 
Numbei of sedimentation indices per class = 10 
<r = 2 208S5S X 10 = 22 089 

(6) Probable error of mean = standard deviation 

V number of observations 
= 22 089 


V90 


2 328 


(7) Mean sedimentation index for group = 39 83 ± 2 328 
Table II shows the frequency distribution of the sedimentation indices of 
duplicate samples from the same group kept in the incubator at temperatures 
from 35°— 37°C 

Tablc II 

Frequency distribution of sedimentation indices of 90 samples of blood at 
incubatoi temperatme (35° — 37°C ) 


Sedimentation 
index classes 

Mid point of 
sedimentation 
class 

Frequency 

<Z) 

Deviation from 
origin in class 
units (X) 

Zx 

Zx’ 

0-9 

45 

6 

0 

0 

0 

10-19 

145 

11 

1 

11 

' 11 

20-29 

245 

9 

2 

18 

36 

30—39 

34*5 

18 

3 

54 

162 

40—49 

445 

12 

4 

48 

192 

50—59 

54 5 

9 

5 

45 

225 

60—69 

64*5 

15 

6 

90 

540 

70—79 

74*5 

7 

7 

49 

1 

343 

80-59 

845 

3 

8 

24 

192 

TotaIiS (S) 

• 

90 

• • 

339 

1,701 


statistics — 

Vi = 3 766666 

V2 = 18 900000 
TTa = 4 709711 

}i2 = 4 626378 

Mean = 42 17 
= 21 509 

Probable error of mean = 2 267 

Mean sedimentation index for group = 42 17 ± 2 267 
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Taking the means of the two senes of samples, viz , 39 83 ± 2 328 and 
42 17 ± 2 267, the difference between these figures is not in a statistical sense, 
significant a study of the theory of probability teaches that the probable error of 
the difference between any two independent quantities is equal to the square root 
of the sum of the squares of the probable errors of the quantities entering into 
the difference 

In this case, difference = 42 17 — 39 83 = 2 34, square root of sum of 
squares of probable errors of these quantities 

V(2 267 f +{2 328)2 = VlO 558^ 

=-3 249 

The difference between the two means 42 17 and 39 83 falls, therefore, within 
the limits of the probable error of these means and hence is not significant 
Putting the problem in another way — in the 90 samples of blood tested simultane- 
ously m duplicate, a rise of temperature varying from a minimum of 15 5°C to 
a maximum of 29° C did not cause a significant acceleration m the sedimentation 
rate of the erythrocytes 

Table III shows the 90 duplicate samples divided into 3 groups — ‘ normal 
reaction,’ ‘ equal reaction ’ and ‘ paradoxical reaction ’ By ' normal reaction ’ is 
meant that the sedimentation index of the incubator sample was higher than that 
of the sample of the same blood tested simultaneously at room temperature, ‘ equal 
reaction’ means that the indices were equal and ‘paradoxical reaction’ that the 
index of the incubator sample was lower than that of the sample simultaneously 
tested at room temperature 

Tabi,e III 
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reactions appear to be surpnsinjjly constant in some cases, the most striking 
example of tins occuned in a patient suiTeiing from moderately advanced leprosy 
(B2 by Mini’s classification) Seven sets of duplicate samples of blood were 
examined over a peiiod of 6 weeks and in cvtiy instance the sedimentation index 
was higher at room than at incubator temperature, i e , the red cells sedimented 
more markedly at loom than at incubator tempeiatuic 

Taking the sedimentation index m any particular case as the mean of the 
H and 2] hoiii leadings at room tempeiatine multiplied by 10, Table IV shows 
the frequency distribution of the 32 ‘abnotmal reactions’ by sedimentation index 
classes 


Tabi,b IV 

Frequency distuhiitwn of 32 ‘abnotmal teact ions' by sedimentation indev classes 


Sedimentation index classes 

Frequency 

0—9 

2 

10—19 

0 

20—29 

1 

30—39 

4 

40—49 

7 

50—59 

10 

60— 69 

5 

70— 79 

3 

Totai, 

32 


We next attempted to find out why ‘ abnormal reactions ’ should occur so 
relatively infrequently (3 times out of 32 instances) m bloods with sedimentation 
indices 0 — ^29 by our notation For this pin pose a fresh batch of 32 cases 
(24 lepers and 8 dog-bite cases) was selected and simultaneous estimations made 
of the sedimentation rate of the erythrocytes and of the viscosity of the blood 
serum — both at room temperature In this connection it should be noted that the 
temperature co-efficient of viscosity is deliberately omitted, to have applied a 
correction for temperature to the viscosity readings would naturally have invali- 
dated the sedimentation readings taken at corresponding temperatures Using a 
modified Ostwald viscometer, it found that with the particular instrument in 
use the time of outflow varied from a minimum of 24 0 to a maximum of 32 9 
seconds The group was then divided into 2 approximately equal parts, vi/ , 
(a) comprising those cases m which the viscosity readings fell between 24 and 
28 9 seconds, and (b) those in which the readings fell between 29 and 32 9 seconds 
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In group (a) there were 15 cases and m this group the simultaneously recorded 
sedimentation readings showed a mean figure of 10 50 ± 2 145 In group (b) 
comprising the remaining 17 cases, the mean of the simultaneously recorded sedi- 
mentation readings was 54 30 ± 5 657 Now it is well known that the viscosity of 
colloids and hence of proteins, is at a minimum at the iso-electric point , hence from 
the figures quoted above, sedimentation indices in the neighbourhood of 
10 50 ± 2 145 by our notation occur in samples of blood the sera of which are 
iso-electnc or nearly so 

Turning again to Table IV it will be noticed that the tendency towards the 
occurrence of ‘ abnormal reactions ’ varies inversely as the distance from the 
iso-electric point It will be noticed from the table, however, that in the upper 
ranges of sedimentation indices (from about 70 upwards) there tends to be a 
diminution in the number of ‘ abnormal reactions ’ The maximum sedimentation 
index that we have obtained in this laboratory over a large series of investigations 
IS 81 in our notation In cases, therefore, in which the sedimentation index at 
room temperature is 70 or over, the possible effect whicb an increase in tempera- 
ture might have is masked by a purely mechanical factor, viz , the very marked 
‘ packing ’ of the red cells which occurs at these high ranges 

We next determined to find out the particular point at which the maximum 
acceleration of red cells occurred Tables V and VI show the frequency distri- 
bution of the maximum acceleration in the 90 samples investigated at room 
temperature and at incubator temperature respectively The temperature did not 
vary more than 1°C during the duplicate test of any particular sample It will 
be noticed from the tables that the figures shown therein exceed the total numbei 
of samples tested This is due to the fact that in 7 instances at room temperature 
and m 11 instances at incubator temperature there was an equal ‘maximum rise’ 
during twm different (and usually consecutive) half hour periods It is obvious 
from the tables that in samples wnth a low sedimentation index the maximum 
sedimentation rate occurs towards the end of the observation penod, while the 
converse holds true with regard to samples with a high sedimentation index In 
other w'ords, the distance of the point of maximum sedimentation from the time 
of commencement of the experiment \aries inversely as the sedimentation index 
of the particular sample This holds true w'hether the readings are taken at room 
temperature or at the temperature of the incubator The phenomena are repre- 
sented graphically in the figure below' wdiich represents the consecutive half hour 
readings at room temperature of two samples of blood, one with a high sedimen- 
^ tation index (a), the other with a low index (b) These are typical of the appear- 
ances presented in other cases 

Summary and Conclusions 

(1) The statement that rise of temperature causes an acceler ition m the 
sedimentation rate of erythrocytes does not m every instance hold true for samples 
of blood obtained from pathological cases Ninety samples of blood from patient-, 
suffering from naturally acquired disease or from the effects of injuries were 
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tested in duplicate, one sample being put up at ordinary room temperature, the 
other in the incubator In 32 instances (approximately 38 pei cent), the rate of 
sedimentation of the erythrocytes at incubator temperature was either equal to 
(2 cases) or less than (30 cases) that of the same sample of blood simultane- 
ously tested at room temperature The tendency for this abnormal type of 
reaction to occur seems to be roughly in inverse ratio to the deviation of the 
particular sample fiom its iso-electnc point In the absence of further evidence, 
it is idle to speculate on the intimate cause of the electric change which occurs in 
those cases showing an abnormal type of reaction It seems possible that it is 
due to some alteration in the relative or absolute distribution of the plasma 
proteins Work is in progress along these lines and it is hoped to report thereon 
at a future date 

(2) The distance of the point of maximum sedimentation rate from the time 
of commencement of observation varies inversely as the sedimentation index of 
the sample 

(3) Where it is desired to trace the variations in the sedimentation index of 
the blood of any particular case over a period of time, it is desirable that the 
successive observation should be made at constant temperatures 

My thanks are due to Dr E Muir who is in charge of the Eeprosy Research 
Laboratory foi permission to publish this paper, to Mr N K De, BSc, the 
chemist to the department for valuable assistance during the course of these 
investigations, and to Dr L Everard Napier and Dr E C R Fox for permis- 
sion to investigate cases under their care m the Carmichael Hospital for Tropical 
Diseases and in the Pasteur Institute respectively 


Tabpk V 

F>equency distribution of maximum acceleration of red cells, 90 samples, at 

room temperatuie (8° — ^22 5°C ) 

Time 



1st half hour 

2nd half hour 

3rd half hour 

0—9 

. 


1 

10—19 


2 

2 

20—29 


1 

4 

30—39 

1 

9 

3 

40—49 

9 

6 


50—59 

12 

5 


60—69 

8 

3 


70—79 

7 

1 



Total = 


4th half hour 

5th half hour 

4 

10 

6 

2 

1 



- 


’ at 2 different half hour? 


97 


Seven cases showed ‘equal ma-Mmuni 


Sedimentation Index 
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T \Bi<i5 VI 

Frequency distnhution of inaxinnim acceleiation of red cells, 90 samples, at 
meubato) tempoatine (35° — 37°C) 

Time 



1st half hour 

ind half hour 

3rd half hour 

4th half hour 

0—9 



2 

2 

10—19 


2 

4 

6 

20-29 


3 

5 

1 

30—39 


11 

7 

1 

40-49 

3 

8 

2 


50-59 

3 

7 



60—69 

5 

11 



70—79 

6 

1 



80-89 

3 





Total = 101 Eleven cases showed 'equal maximum 'at 2 different half hours 


Fahr^us, R (1921) 
Gram, H C (1921) 


Muir, E (1928) 
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During 1927 at Rangoon Major C de C Martin, i m s, and one of the 
writers (J M ) isolated from a case of cholera a strain of bacteriophage active 
against the patient’s strain of V choleice, a laboratory strain of V cholerce and 
a laboratory strain of B dysenteiice (Shiga) This suggested the cultivation of 
a combined bacteriophage for cholera and dysentery Such a bacteriophage 
seemed desirable, for the best time to administei bacteriophage is early in the 
illness as the initial diarrhoea of acute dysentery and the first symptoms of cholera 
are not veiy unlike 

The medium used for cultivating the bacteriophage is a bouillon made by 
digesting goat’s flesh freed from fat with dried papain (obtainable from 
Messrs Tarrant & Co, Colombo) It is for this purpose superior to any other 
medium we have tried A description of its preparation was given by 
Major Martm(l), but it may be convenient if we give the slightly modified 
procedure now in use at this laboratorv 

Seventy-five grammes of diied papain and 600 grammes of minced goat’s 
flesh free from fat are ground together and water is slowly added to make up 
the whole to 3,600 millilitres This is placed in a large flask and three or four 
such flasks are put m a water bath The water bath may be heated with an 
electric heater having a thermostatic control, but we find a copper coil through 
which steam is passed more efficient The temperature of the flasks is raised 
10°C every hour till 80°C is reached After a further hour at 80°'C the 
temperatiiie is raised to boiling point and sufficient N|1 NaOH is added to bring 
the reaction to pH 7 8 The digest is allowed to cool and is then filtered 
through a thick cloth and through filter paper, and is autoclaved for 45 minutes 

( 48 ) 
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at 15 lbs pressure For use this stock bouillon is diluted with two parts of 
water The final product must be perfectly clear We no longer add the meat 
infusion described by Alajor Martin, for we found that, when the meat infusion 
was added, the growth of the V cholera was apt to alter the pH of the medium 
so much that the action of the bacteriophage was affected 

The stiains of V clioleia used m this Institute for growing and testing 
bacteriophage are at present twelve in number, and for convenience are known 
as strains A, B, C, D, E, F, G, H, J, K, L, M 

Tabp5 I 

Source 

From Central Research Institute, Kasauli 
- From School of Tropical Medicine, Calcutta 

[ From Major R H Malone, i m s strains isolated when he was 
I working on cholera with Dr D’Herelle 

From Central Research Institute, Kasauli, a strain used at that 
Institute for making high titre serum 

I Isolated during a recent epidemic in Shillong 


A dysentery bacteriophage in which had been incorporated the original 
cholera dysentery bacteriophage referred to above, was brought by one of us 
(J M ) from Rangoon This strain of bacteriophage completely lysed strain 
H, the remaining strains were not visibly affected This bacteriophage was, 
however, very active against our laboratory strains of dysentery (Shiga, Flexner 
and Y of Hiss and Russell) Three strains of cholera bacteriophage moderately 
active respectively on E, F and G vibrios were kindly supplied by Major R H 
Malone, i m s None of these had any action on any of our strains of 
B dyseiitcria 

After eight successive sowings and filterings on their respective vibrios, 
bacteriophage strains E, F and G became very active 

Three broth suspensions of vibrios E, F and G lysed by their homologous 
bacteriophage were now mixed and filtered This being tbe ninth passage was 
called bacteriophage No 9 and was found to be active not only against vibrios 
E F and G, but also against strain A The activity of the mixed filtrate was 
Bacteriophage No 9 versus vibrio A complete lysis +- j — ]- 
.. » E slight lysis + 

„ „ „ F moderate lysis -{-+ 

,1 ,, jf G complete lysis ~| — j — |— 

Two further passages on the abo\e vibrios were made, and on each occasion the 
lysed cultuies were mixed before filtraUon To the elerenth filtrate the cholera 
L MR 4 


Strains 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 

M 
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dysentery bacteiiopliage from Rangoon was added and this formed bacteriophage 
No 12 riie furthei steps m the building up of tlie combined bacteriophage are 
shown m Table II It will be noted that No 12 completely lysed vibrio strains 
A and G had a moderate action on B dy^cntciicc ‘ Y’ and vibrio F and a slight 
action on Flexner and vibrio E The filtrate of all six completely lysed 
Flexner and vibrios A and G The l}sis of vibrio E was somewhat better at the 
16tli passage when B dyscntciice Shiga was introduced m the passages and all 
three of the B d\'scutc)ice and three of the vibrio strains were completely lysed 
At the 18th passage, vibrio E, against which the bacteriophage had been acting 
inegularly, nas omitted 

At the 19th passage vibrios F and G were omitted and the procedure was 
continued with the susceptible strains A, H and J When the 31st passage had 
been accomplished, the filtrate was tested against the whole series except K 
which at the time was found to be contaminated 

Bacteiiopliage No 15 was used as seed for the production of a combined 
dysentery cholera bacteriophage This was employed in an epidemic of cholera 
that broke out in Shillong It will be noted that seed 15 happened completely 
to lyse vibrio J, the first vibrio isolated during the epidemic 

The epidemic consisted of 27 cases, of these 21 were not given bacterio- 
phage and 16 died Six unselected cases .were given bacteriophage and one died 
This case when he received bacteriophage was in extremis 

Three cases are worthy of note The first case in which we had an oppor- 
tunity to test the bacteriophage was (case 4 of the series) admitted to the 
Military Hospital under Captain Rosenbloom, i m s , with severe vomiting, large, 
frequent rice-water stools, cramps and collapse He was given intravenous 
hypertonic saline to which 2 c c of bacteriophage was added and he received 
2 cc of bacteiiopliage in water by the mouth every four hours Within 18 
hours he had recovered and appeared so well that a diagnosis of cholera was 
doubted Cholera vibrios, strain J, were recovered from his stool on the first 
day of his illness 

E , a boy aged 7 years whose sister had died of cholera 3 days before, took 
violently ill at 2 p ji on the 7th July At 4 p ai he was seen at his home by 
one of us (J M ) vomiting incessantly and passing copious nce-watei stools 
He received 2 c c of Ixicteriophage by the mouth at 4-30 p m , at 6 p M he rvas 
admitted to hospital and got a second dose The medical officer of the hospital 
saw him at 7-30 p m , but the vomiting and purging had ceased, the pulse was 
good and the usual transfusion was postponed The patient had a good night, 
there were no stools the following day and he made an uninterrupted recovery 
Vibrio K was isolated from this patient 

J B T was a friend of a patient in the cholera ward and was attending 
to him About 2-30 pm on the 11th July he was seized with colic, vomiting 
and passed two large copious stools The compounder on his own initiative 
administered 2 c c of bacteriophage and a second dose two hours later The 
vomiting ceased within an hour of the first dose, and by the time the medical 
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officer paid his visit in the evening- tlie colic and purging had ceased and the 

patient was apparently well Cliolcia vibrios were present in the stool on the 
first evening 

Cholera broke out m a small village in Goalpaia on the 5th November, 192S 
Between that date and the 27th Noveinbei there were 33 cases On the 20th 
November one of oui stafi Dr Pal Choudhury ariived at the village and found 
that SIX persons had died and two were convalescent Thirteen cases had been 
ill for 2 to 7 days, three were moribund, five otheis were almost pulseless 
These thirteen sick were given bacteriophage The moribund cases and two 
others died After Dr Pal Choudhury’s arrival there were 12 moie cases, of 
these 3 died The epidemic may be summarized — 

Cases that received no bacteriophage 
Cases ill before bacteriophage was available but 
given bacteriophage on 20th and following days 
Cases given bacteriophage on the 1st day of illness 

No other treatment was available during this 
remained in their own huts 

The two epidemics give the following results — 

Cases 

Cases having no bacteriophage 29 

Cases receiving bacteriophage 31 

(including 4 moribund) 

In May 1928 before we had an opportunity of testing the combined bac- 
teriophage on cases of cholera. Dr Pal Choudhury visited a remote Khasi village - 
severely stricken with dysentery 

The details of this epidemic were reported to Government and formed the 
subject of a paper read by one of us at the recent annual meeting of the Assam 
Blanch of the British Medical Association (2) 

In dealing with this epidemic Dr Pal Choudhury employed at first our 
dysentery bacteriophage and subsequently the combined cholera dysentery bacterio- 
phage The results, under the adverse conditions existing in this jungle village, 
where no milk was available, were very satisfactory Dr Choudhury returned 
with the impression that the combined bacteriophage was even more effective 
than the dysentery bacteriophage 

In individual cases of dysentery in Shillong we, too, have come to the opinion 
that the combined bacteriophage is as reliable as the dysentery bacteriophage 
which Ave oidinarily use 

In our hands a seed does not maintain its activity indefinitely As soon as 
a falling off is noticed, the use of this seed is discontinued and it is subcultured 
until its activity is legained Thus in the series in Table II only seed strains 
Nos 15, 17, 21, 22 and 31 have been used for the preparation of therapeutic 

bacteriophage 


Cases 

8 


Deaths 

6 


13 

12 


5 

3 


epidemic and the patients 


Deaths 

22 

9 


Mortality 
per cent 
75 8 
29 0 
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Therapeutic bacteriophage for cholera and dysentery is prepared by making 
suspeiibions of B dyscnteiicc Shiga, Flexner, Y of Hiss and Russell, Sonne and 
four strains of V choleicCj all sown in different flasks 

Each flask contains 900 c c of papain broth to which is added the whole 
washings of an 18 hours’ agar culture of the micro-organism concerned To each 
of the seven flasks, three loopfuls of the seed bacteriophage are added, the flasks 
are thoroughly shaken and incubated at 37° C for six hours After six hours 
lysis must be complete m all seven flasks The flasks are then removed from 
the incubator, again shaken and left at room temperature overnight The 
contents of the flasks are then emptied into large four-litre flasks, thoroughly mixed 
and transferred to tall cylinders from whence they are filtered through Pasteur 
Chamberland candles ‘ F ’ under a vacuum not exceeding 6 lbs 

When filtration is complete the tubing on either side of the filter flask is 
clamped and removed from the filter candle on the one side and the pump on 
the other, the ends of the rubber tubing are flamed and are surrounded with 
sterile cotton-wool The flasks are now incubated for four days The contents of 
each flask, if still perfectlv clear, aie then bottled m ampoules The ampoules 
m turn are incubated for 48 hours at 37‘’C and are examined for clarity The 
titre of the bacteriophage is now tested against B dysente>i(S Shiga and one of 
the strains of P cholocc A combined bacteriophage must produce complete 
lysis m a dilution 1 in 10' The method is that described by D’Herelle(3) The 
ampoules are stored m a refrigerator till issued 

Immediately after use the candles are boiled m water, dried in the incubator 
and heated to a dull red heat in a muffle furnace After cooling, the candles 
are tested for leakage against an air pressure of 10 lbs Any candle showing 
the slightest air leak is discarded The candles are then connected by pressure 
tubing to one litre conical filtei flasks The flask and the candle are then sterilized 
together m the autoclave 

We do not discuss here the question whether the combined bacteriophage 
is a mixture of different strains or whether it is one strain which has acquired 
polyvalent activities 

Eight thousand nine hundred and fifty-nine doses of dysentery bacteriophage 
and twenty-four thousand six hundred doses of combined bacteriophage have been 
issued since the 15th of April and reports from reliable sources are beginning to 
come in 


Summary 

1 The procedure is described uinch led to the production of a seed bac- 
teriophage active against eleven srrains of V cJiolocs and types of B dysenteries 

2 This bacteriophage has therapeutic value in both cholera and d>sentery 

3 The technique of the manufacture of the combined cholera-dysentery 
bacteriophage of therapeutic use is described 
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INTRODUCTION 

A large numbet of workers have studied the haemolysis of red blood 
corpuscles by different substances [Hobei (1924)] but as yet no clear explanation 
exists as to the mechanism of the change in the permeability of the corpuscle 
membrane under the influence of different hemolytes That a single explanation 
may not cover all cases is evident from the fact that pure water alone will 
haamolyse the corpuscles which is entiiely due to the absorption of water owing to 
a difference in the osmotic pressure inside and outside the cell membrane The 
membrane is thus ruptured owing to a swelling of the whole cell 

According to modern conceptions, the membrane of red blood corpuscles is 
a skeleton contaming piotein together with some hpoid materials Hatton (1921), 
Gough (1924) and others assumed that the membrane consists mainly of lecithin 
and cholesterol Pascuca considers that it is a proteid permeable membrane with 
a large amount of lecithin, cholesterol and cerebroside Since it is well known 
that all the constituents of the corpuscle membrane are colloidal in nature, it is 
evident that the pei meabihty of the membrane will be largely influenced by the 
action of substances which may affect the colloidal properties of any of the 
constituents In the present paper a mechanism of hiemolysis will be suggestea 
on the basis of the colloidal properties of the membrane The present paper also 
contains an experimental study of hieniolysis by various chemical h'emolysers as 
well as by hamol^tic serum A study has also been made of the effect of imxtnres 
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of hxmolytes and that of tlie action of normal serum m presence of other hiemo- 

ysers The expeuments have been done both m saline as well as m sucrose 
solution 

EXPERIMENTAL METHOD 

The method of experimentation depends upon the colorimetric determination 
of complete hiemolysis When the end-point ivas observed visually and when care 
Avas taken to select glass tubes of the same bore and thickness and of equal 
transparency, practically concordant results could be obtained in duplicate experi- 
ments, the error being very slight In all the experiments given m these pages, 
defibrinated sheep corpuscle, Avashed three times Avith either normal saline or 
sucrose as the case may be to free it completely from seium, has been used The 
solution of chemical ha;molytes such as sodium taurocholate, potassium oleate and 
saponm Avere all prepared fresh, the substances being pure chemicals of either 
Merck oi Kahlbaum Since the expenments have been carried on through a long 
period. It has been found necessary to use fresh samples of blood many times, 
consequently in diffeient tables identical data on hiemolysis aviII not be observed 
The results of each table, hoAvevei, are absolutely comparative and no difficulty 
will be experienced m the proper interpretation of the data The usual method 
of cai lying out an experiment has been to take a certain amount of the corpuscles 
m one test-tube, and in another test-tube a knoAvn amount of haemolyte mixed 
Avith calculated quantity of normal saline or sucrose as the case may be to give 
a constant volume Avhen the corpuscles and hiemolyte solution Avere mixed together 
The mixing Avas rapidly done thiee times, and then the mixture was alloAved to 
rest in an uniform temperature of 32°C and the time of complete hiemolysis Avas 
then noted The results obtained have been summaiized and are given m different 
sections 

I The nafuie of the tiine-diliitwn cwves in tail) ocliolatc hemolysis 
In an early papei on the hsemolytic action of bile derivatives, MacLean and 
Hutchinson (1909) made some interesting observations on the haemolytic behaviour 
of the sodium salts of cholahc, choleic and glycocholic acids They found that 
these substances are capable of producing haemolysis in the ordinary Avay Avhen 
strong doses are used but exhibit maiked peculiai ities Avhen present m considerably 
weaker amounts It was found that under similar conditions the same bceraolylic 
effect can be produced in a given time by Avidely diveigent amount of the salt 
Between these two points lies Avhat may be termed a more or less neutral zone 
m which the haemolysis is very considerably delayed depending on the relative 
amount of the haemolytic agent employed Pondei (1922) in recent years has 
shown, using low concentration of taurocholate and cells that the time-dilution 
curves of taurocholate is of much simpler nature and does not shoAV any abnormal 
behaviour like that of glycocholate We have made a thorough study of sodium 
taurocholate as a heemolyte Avith different concentrations both of red blood 
corpuscles and of the haamolyte Our results show that sodium taurocholate also 
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sho^\s a similar behaviour bo that of glycocholate at higher concentrations, but 
at lower concentrations the time-dilution curre is perfectly normal The results 
gnen in Table I hare been obtained rrith 1 c c of a 5 per cent red blood corpuscles, 
the taurocholate concentration being 3 per cent and the total volume 5 c c 


Table I 


Taurocholate in c c 

Final concentration 

Tune in minutes for complete 
h-emob SIS 

0 1 

1 /1,666 

26 

05 

1/333 

3 

10 

1/166 

16 

15 

1/111 

11 

2-0 

1/83 3 

27i ■■ 

2*5 

1/666 

42 

30 

1/55 6 

27 

3 5 

1 

1/47 6 

5 


In Table II are shown the results with lower concentrations of corpuscles as 
well as of ha 2 mol>tes, the taurocholate concentration is 0 3 pei cent and 1 cc 
of a 1 per cent emulsion of corpuscles has been used 


Table II 


Taurocholate in c c 

Final concentration 

Time for complete hsmolysis 

01 

1/16,666 

< 2 hours 

0-2 

1/8 333 

< 2 hours 

0*3 

1/5,555 

24 minutes 

0-4 

1/4,166 

S minutes 

0-5 

1/3,333 

4 minutes 

0-6 

1/2,777 

3 minutes IS seconds 

0-7 

1/2,381 

2 minutes 20 seconds 

C-8 

1/2083 

1 minute 30 seconds 

0-9 

1/1,851 

1 minute 7 seconds 

10 

1/1,666 

0 minute 55 seconds 

12 

1/1,389 

0 minute 40 seconds 
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In Fig 1, the results given ni Tables I and II are plotted Though the scales 
are chtleicnt, the natuic ot the cuivcs wdl be immediately apparent from the 
graphical lepiesentation It will be obseived that with highei concentrations of 



01 - " 
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Amount of taurocholate in cc 
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red blood corpuscle and taurocholate the time-ddution curve shows a sort of 
periodicity, while in low concentrations the senes is perfectly normal We have 
discussed these results in a separate paper elsewhere but the interesting thing 
which should be noticed here is that taurocholate haemolysis is exactly similar m 
nature to that of gl} cocholate, and cholate haemolysis when comparatively higher 
concentrations of corpuscles and haemoljte aie used This also possibly explains 
some contradictoiy results to be found in the literature Thus Ponder (1922) 
found that gl} cocholate is a very weak haemol}te when compared to taurocholate, 
but we Imve found previously (Sen and Basil, 1928) that glycocholate is a much 
stronger haemolyte than taurocholate Thus it w'as observed by us that 1 c c of 
I\I/20 sodium gl} cocholate required one minute only for complete haemolysis of 
a certain quantity of corpuscles, wheieas under similar conditions 1 c c of jM/20 
sodium taurocholate lequired 42 minutes to effect this change The difference 
betw'een our results and that of Pondei piobably depends upon the fact that we 
have been comparing the two ha;mol}tes m concentrations far different fiom that 
used by Ponder It is quite possible that in the concentrations we have been 
using, the comparison has been made m that portion of the cuives wheie the 
action of taurocholate was about the minimum but the effect of glycocholate w^as 
near about the maximum This would show that glycocholate is a stronger 
h£emol}tic agent In the expeiiments of Ponder, however, the concen- 
trations of the compared hsemol}tes may have been such that the conditions are 
just the reverse of ours, hence an entirely different result w'as obtained It, 
therefore, appears that sodium glycocholate may have either a gieatei oi lower 
liEemolytic action than sodium taurocholate depending on the particular concentra- 
tion range in which the comparison is made 

II Effect of mi limes of Jicemolytes 

Though the stud} of hiemolysis by single chemical haemolysers have been 
frequently made by different in\ estigatoi s, much investigation has not been carried 
out on haemolysis by mixtures of chemical haeniolytes In an early paper, Moore, 
Wilson and Hutchinson (1909) followung the experiments of Sachs and Altmann 
(1908), studied wdiat they called the balancing action of certain pairs of hiemolysers 
in preventing haemolysis and showed that there was an inhibiting action observed 
when sodium linoleate was used m conjunction with a pig serum both of which 
have a haeniol}! c action on sheep's corpuscles They further observed that when 
a nuxture of sodium oleate and linoleate w^as used, no such inhibition was to be 
observed A little earlier to this paper, Arrhenius (1908) found that sodium 
oleate increases the action of cobra poison but diminishes that of saponin We 
have made a detailed study of the hremolytic behaviour of mixtures of seieral 
chemical hiemolytes and some results as well as the conclusions arm ed at wall be 
guen here In Table III, some results witli a mixture of saponin and oleate are 
shown The corpuscle concentrat'on has been one cc of a 1 per cent suspension 
and the total volume 5 cc, the concentration of sapomn being 1/1000 and that 
of Oleate oeing 1/10,000 
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Tauix III 


Saponin 

1 line in niimites for li cinolysis in presence of oleate, 

c c 

in cc 

0 

dl 

0*2 

0-3 

04 

Cro 

— 

No li emolysis 
in 11 hours 

No haemolysis 
in 1] hours 

No hremolysis 
m 11 hours 

80 

0*2 j 

48 

21 

10 mills 35 secs 

1 3 mms 9 secs 

1 mm 10 secs 

03 

lOinins 9 secs 

8 mills S secs 

2 mms 25 secs 

i 

2 mms 0 sec 

Omin 40 secs 

0-4 

11 mins 10 secs 

4 mins 40 secs 

1 min 34 secs 

1 mill 0 sec 

Omni 35 secs 

OS 

6 inins 35 secs 

2 inms 4 secs 

1 mm 0 sec 

0 mm 46 secs 

— 

0*6 

4 mins 2 secs 

1 mm 32 secs 

0 mm 50 secs 

0 min 27 secs 

— 


The results given m the above table show that oleate has a definite effect on 
the h3emol}tic action of saponin Thus it will be observed from all the results 
given above that the addition of oleate inci eases greatly the hsemolytic action of 
saponin This is contiary to the results leported to have been obtained by 
Arrhenius Exactly similar results have been obtained with the mixtiues of 
taurocholate and oleate, as well as of saponin and taurocholate In every case, 
the action of mixtuie of htemolyseis appeal to be of an additive nature and in these 
particulai cases there is no retaiding action 

III Effect of acid and alkali 

While studying the htemolysis by mixtures of hasmolytes we have also made 
a detailed study of the hcemolytic action of some hsemolysers in acid or alkaline 
solution and some inteiesting results have been obtained It has been found that 
in certain cases acids accelerate whilst alkali retards the haemolytic action of 
certain haemolytes, whilst in some other cases a leverse effect is observed Thus 
two series of results in presence of hydrochloiic acid and caustic soda may be given 
here The concentrations of corpuscles and hsemolytes are the same as in the 
results given m Table III 

Tabi,c IV 


Saponin 
m c c 

Time of haemolysis in presence of HCI, final concentration 

0 

N/10,000 

N/5,000 

0*0 


No haemolysis in 2 hrs 

No haemolysis m 2 hrs 

cr2 

21 mms 16 secs 

18 mins 22 secs 

4 mins 20 secs 

0-3 

10 mms 38 secs 

5 mms 53 sees 

1 mm 26 secs 

0-4 

6 mms 27 secs 

2 mms 43 secs 

0 mm 49 secs 

05 

2 mins 57 secs 

1 min 17 secs 

0 min 30 secs 

0-6 

2 mms 6 secs 

1 min 0 sec 

0 mm 20 secs 
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Oleate in c c. 

Time of h'emolysis in presence of HCl, final concentration 

0 

N /5,000 

0-0 

1 


No hsemoljsis in 2 hrs 

0-4 

34 mins 4 secs 

No hiemolysis in 1 hr 

05 

13 mins 50 secs 

15 mms 23 secs 

0-6 

8 mins 1 sec 

12 mins. 21 secs 

0-8 

2 mins 45 secs 

10 mins 31 secs 

10 

1 min 40 secs 

9 mins 42 secs 


In Tables VI and VII, the hemolytic action of the same heemolytes in alkaline 
solutions are shown In these results the concentrations of corpuscles were 1 c c 
of a 5 per cent and 1 per cent suspensions respectively, the total volume 5 c c , 
saponin concentrations 1 in 1,000 and oleate 1 in 10,000 


TabpB VI 


Saponin in c c 

Time of htemolysis in presence 

of NaOH, final concentration 

0 

N/500 

0-0 

— 

No haemolysis in 2 hrs 

0*5 

50 

156 

OrS 

12 

73 

* 

1*0 

10 

56 

12 

4 

50 

15 

3 

21 
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blood cells But if the set urn is added to the cells before the addition of tauro- 
cholate, a gieat inhibition of a hrcinohsis is observed In a study of this accele- 
ration or retardation of haemolysis by normal serum, it was shown by us (Sen 
and Sen, 1928) that Ponder’s conclusions could be possible only under special 
conditions , and experiments carried bv us with comparatively higher concentra- 
tions of red blood cells all showed that normal serum in every case inhibited the 
hiemolysis whether it was added to the red cells before or after the addition of 
the tauTOcholate Ponder has however suggested (private communication), that 
this acceleration is to be ohseived only undei some particular concentiation ranges 
of the reacting substances Since no thorough investigation on this particular 
problem has been published as yet, we have made a detailed study of this retarda- 
tion and acceleration of hjemolysis by normal serum and we have been able to 
confirm Ponder’s suggestions in this line Since this acceleration and retardation 
of a haemolysis by normal serum must be of gieat theoretical importance we shall 
give below some of our results m details, m the following experiments, the 
concentration of cells is one per cent, taurocholate 0 3 per cent, total volume 5 c c 
and concentration of serum is 1/10, the quantity of corpuscles have been varied 
in different experiments All the experiments has been done in noimal saline 


Tabi,e VIII 


' 1 ) 

(3) 

(4) 


2 cc corpuscles are used m these experiments 

2 cc tautocholate -flee saline added half a minute after 
the addition of taurocholate 

2 c c taurocholate -f- 1 c c serum added half a minute after 
the addition of taurocholate 

1 5 c c taurocholate -f 1 5 saline added half a minute after 
the addition of taurocholate 

1 5 c c taurocholate -f 1 S c c serum added half a minute 
after the addition of taurocholate 


Time for complete 
hiemolysis 

3 mins 2 secs 

50 per cent hsemolysis in 
2 hrs 

17 mins 8 secs 


No haemolysis in 1 hr 


Table IX 


(1) 1 cc cells O'S cc taurocholate 

(2) 1 C.C cells + 0 1 cc serum added before + ffS cc 

taurocholate 

(3) 1 cc cells i- Cr2 cc serum added before + 0*5 cc 

taurocholate 

(4) 1 c c cells + O'S c c serum added before + 0 5 c c 

taurocholate 

(5) 1 cc cells + 05 cc taurocholate + 01 cc. serum added 

^ half a minute after the addition of taurocholate 

(6) 1 cc cells + 0*5 cc taurocholate + Cf2 cc serum added 
^ ^ habf,'’v'ausef after the addition of taurocholate 

zone of reS cc taurocholate + 05 cc serum added 
, I fter the addition of taurocholate 
where we have shi. 


Time for complete 
haemolysis 

7 mins 20 secs 
122 mins 

60 per cent heemolysis 
in 31 hrs 

No hiemolysis in 4 hrs 
57 mms 46 secs 
63 mins 
1 mm 42 secs 
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Tabib X 


Tune for complete 
hsemolysis 


(1) 0‘S C.C cells + 0‘S cc taurocholate 

(Zl 0*S cc cells + O’! cc serum added before + OS cc 

taurocholate i 

(3) 0"? ,c cells + Cr2 cc serum added before + frS cc 

taurocholate 

(4) O^S cc cells + 05 cc taurocholate + 0‘1 cc serum added 

half a minute after the addition of taurocholate 

(5) 0*5 cc cells + CfS cc taurocholate + 0‘2 cc serum added 

half a minute after the addition of taurocholate 

(6) 0*5 c c cells + 0‘S c c taurocholate + 0 5 c c serum added 

half a minute after the addition of taurocholate 

(7) 0‘5 c c cells + 0‘S c c taurocholate + 1 c c serum added 

half a minute after the addition of taurocholate 


3 nuns 21 secs 
16 mins 16 secs 
No hfemoljsis m 5 hr 
14 mins 46 secs 
22 mins 28 secs 
1 min 4 secs 
0 min 32 secs 


In the following tables the effect of serum on oleate haemolysis is shown, 
concentration of oleate is 1 in 10,000, the other conditions being the same 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

t6) 


T^blE XI 


1 cc cell + 1 cc oleate 4- 1 cc saline added half a minute 
after the addition of oleate 

1 cc cell + 1 cc oleate + O'! cc serum added before the 
addition of oleate 

1 c c cell + 1 c c oleate + 0 1 c c serum added half a minute 
after addition of oleate 

1 cc cell + 1 cc oleate + 05 cc serum added before 

1 cc cell + 1 cc oleate + O’S cc serum added half a minute 
after the addition of the oleate 

1 c c cell + 1 c c oleate + 1 c c serum added half 3 miiii te 
after the adoition ot oleate 


Time for complete 
hsmolysis 


2 mins 52 secs 


10 mins 56 secs 


10 mins 48 secs 
No haemolysis in 2 hrs 


70 per cent haemolysis in 
2i hrs 


90 per cent haemolys s in 
2 hrs 


Table XII 

Amount of cells used each time = 0'2 c c 
Amount of oleate uaed each time ~ 0‘3 c c 

Time of complete haemolysis uhen one cc salme was added to a mixture 
of corpuscles and oleate one minute after the addition of the oleate 6 mms 


Na 


1 

9 

3 

4 

5 

6 

7 

8 
9 

10 


Amount in c c of serum added 
one minute after the addition 
of oleate 


Time of complete haemolysis 


0*1 

146 mins 

0r2 

210 mms 

0-3 

180 mms 

0-4 

6 mins 42 secs 

O’S 

5 mms 54 secs 

06 

5 mms I sec 

07 

4 mms 1 sec. 

0‘S 

1 3 mms 28 secs 

0r9 

t 3 mms. 19 secs 

10 

3 mms 10 secs 


L MR 


5 
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In the following Tables XIII and XIV, some results are given showing the 
effect of the time interval between addition of taurocholate to the cells and the 
addition of the serum m causing the observed acceleration of hcemolysis, the 
experiments have been done in isotonic sucrose solution, which incidentally 
shows that sucrose solutions behave m an entirely similar manner to that of the 
saline solution The concentration of corpuscles is one per cent of which 0 2 c c 
has been used each time The tauiocholate concentration is 0 1 per cent of which 
one c c has been used each time Other conditions remain the same 


Tabi,i: XIII 


Amount of serum m cc added I minute after 
the addition of taurocholate 

Time of complete haemolysis 

0-0 

2 mins 20 secs 

O'! 

12 mins 24 secs 

0*2 

30 per cent hrcmolysis in 1 hr 

0*3 

1 

5 per cent h-emolysis in 1 hr 

10 

12 mins 56 secs 


Tabi,c XIV 


Amount of serum added one minute after the 
addition of taurocholate 

Time of complete liTmolysis 

0*0 

2 mins 20 secs 

0*1 

7 mins 4 secs 

0*2 

2 mms 54 secs 

0*3 

2 mms 10 secs 

04 

1 min 26 secs 

0*5 

1 min 3 secs 

10 

1 

Immediate hxmolybis 


The data presented in the above tables are very interesting It will be 
observed that the addition of normal seium to the red blood cells, before the 
h^emolyte is actually added, always inhibits the hremolysis , whereas when serum 
IS added after the addition of the haemolyte we may get either an inhibition or an 
acceleration of haemolysis, depending on the paiticular concentiation of the red 
blood cells, the hxmolytes, the amount of serum added and in certain cases on 
the time interval after which the serum is added to the mixture of corpuscles and 
hiemolyte Thus it will be observed from Tables VIII, IX and X that with 
two c c corpuscles no acceleiation of haemolysis could be observed when the serum 
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was added half a minute after the addition of the taurocholate When 1 c c 
corpuscles was used then also no acceleration of hiemolysis could be observed by 
the addition of serum w ben its concentration was less than 0 5 c c From Table 


U 

o 


rQ 

E 

u 

QJ 

tn 



X, nith 0 5 cc of cells it mil be found that ne haie reached a concentration 
range m which both inhibition and acceleration of hiemolvsis could be obtained 
depending upon the quantitc of serum added A. similar fact is to be noticed m 
the case of oleate from Tables XI and XII The results in Tables X and XII 
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jire also very important inasmuch as they allow us to chaw a complete and 
continuous cuive of inhibition and acceleration of taurocholate and oleate 
haemolysis by the gradual addition of incieasing amounts of normal serum to the 
mixtuie of coipuscle and haimolj'te after a definite time inteival Two typical 
cuives aie given m Figs 2 and 3, and an analysis of these cuives will be attempted 
in a latei papei It will also be obseived fiom Table XIII that even under 


Fig 3 



Amount of serum 1 in 10 added m cc 

similar conditions there was no acceleiation of haemolysis when the normal serum 
t/as added half a minute after the addition of taurocholate but when the time 
interval was one minute as in Table XIV, an acceleration of hemolysis w^as 
observed under identical conditions of concentrations These facts lead us to the 
conclusion that the eftect of normal serum in haemolysis is in reality very complex 

V Effect of normally hcemolytic seiiivi in piesence of chemical licemolytes 
While discussing the haemolytic action of mixtures of licemolytes, it was 
stated that an inhibiting action is observed when sodiuru Imoleate is usecl m 
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conjunction with a pig serum both of which have a hiemolytic action on sheep’s 
corpuscles This experiment is of similar nature to that done b)^ Sachs and 
A.ltmann (/oc cit ) who found that when sodium oleate was added in proper 
quantity to a stiongly actne haemolytic serum, no haemolysis resulted, which was 
supposed to be due to the sodium oleate acting as an anti-complement We have 
now made a detailed study of the effect of haemolytic serum both m active as well 
as m inactivated condition m piesence of other chemical haemolysers such as 
saponin, tauiocbolate, oleate, acids and alkali For these experiments, human 
serum containing normally hasmolysins for sheep corpuscles has been used fn 
die following tables the corpuscle concentiation is 1 c c of a 0 2 per cent 
suspension in saline, saponin concentration 1 in 10,000, oleate 1 m 50,000 and 
taurocholate 0 1 per cent, the total volume being 4 c c 


Tabpe XV 


baponin 

Time in minutes of hiemolysis in presence of hKmoIjtic serum, cc 

m cc. 

0-0 

01 

10 

0-0 

— 

— 

81 

0-8 

13i 

No haemolysis m 2 hrs 

— 

0-9 

Hi 

Partial haemolysis 
in 2 hrs 

< 

10 

9 

70 

102 

1 1 

61 

16 

102 

1-2 

3 

1 

12 

1 

lOi 


Tibee XVI 


Taurocholate 

Time of haemoljsis in presence of haemolytic serum, c c. 

in c c 

0-0 

01 

10 

0-0 

1 

— 

— 

CO 

08 

it 

30 per cent hamohsis 
m 11 hrs 

— 

10 

li 

SO per cent luemohsis 
m 11 hrs 

132 
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T\hLr XVI r 


HCl N/500 

111 c c 

Time for Iicmolvsis in presence of Ii'emoljtic serum, cc 

0*0 

01 

10 

0*0 







14 

0*8 

4 

00 

— 

10 

3 

3 

70 per cent haemolysis 




m 1 hr 

1*2 

2 

2 

40 per cent haemolysis 





in 1 hr 


TABI.C XVIII 


NaOH N/25 


Time of lizemolysis m presence of hremolytic serum, cc 


in cc 

00 

01 

10 

0-0 

— 

_ 

14 

0*8 

4i 

8 

' — 

10 

34 

63 

113 

1-2 

23 

5 

— 


So far results with hsemolytic serum have been given In Table XIX, the 
effects of haemolytic serum and the inactivated serum prepared by heating one 
sample of the haemolytic seium for half an houi at 56'’C , are compared in presence 
of taurocholate as haemolyte 


Tabbc XIX 


Time of hiemolvsis m presence of 01 c c 


Taurocholate m c c 


IS 

2*0 

2*5 


Hiemohtic serum 

Complement-free liremoJytac 
serum 

Slight hcemolysis m 3 hr 

Slight haemolysis in 3 hr 

103 

13 

5 

63 


Without seuim, the above amounts of taurocholate gave 7 minutes, 3^ miniues 
and I 7 minutes respectively for the time of hieinolysis The complement-free 
serum was tested and was found to have no hccmolytic power when used alone 
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From the results obtained with hiemolytic serum m presence of other chemical 
h'emolysers, it will be evident that the results of Sachs and Altmann with soaps 
can be extended to the cases of saponin, taurocholate, acids and alkali It thus 
appears that though an hremolytic senim is capable of hsemolysing red blood 
corpuscles when present alone, it behaves as an inhibiting agent when added m 
presence of other chemical hsemolysers Its qualitative behaviour is almost similar 
to that of normal serum But quantitatively its action differs from that of nonna! 
serum inasmuch as its inhibiting action is very limited at higher concentrations 
whereas normal serum at higher concentrations has an almost complete inhibiting 
action In comparing the effects of haemolytic serum and complement-free 
haemolytic serum. Table XIX, it will be interesting to note that inactivated 
haemolytic serum has a greater retarding action than the other 

VI Hamolysts in isotonic suciose 

The results so far given and discussed have been done mainly m physiologi- 
cally normal saline solution In a recent paper (Sen and Sen, 1928) it was 
shown by us that sucrose has an inhibiting action on taurocholate haemolysis as 
compared to experiments made in saline solution Several years ago Ponder and 
Kennedy (1926) observed an inhibition of saponin haemolysis m presence of 
sugar Ponder and Yeager (1928) have shown the same thing with regard to 
taurocholate h'emolvsis It has been found by us that sucrose has an inhibiting 
effect on oleate haemolysis also We give below some data about the effect of 
sucrose on oleate haemolysis The concentration of corpuscles is one c c of a 
one per cent suspension 


Table XX 


Amount of 
oleate in c c 

Final conceiuration 

TiMfc OF complete haemolysis 

In saline 

In sucrose 

0-5 

1/100,000 

13 mins. 50 secs 

19 mins 31 secs 

06 

1/83,333 

8 mins 1 sec 

15 mins 54 secs 

0-8 

1/62 500 - 

2 mins 45 secs 

13 mins 5 secs 

10 

1/50 000 

1 min 40 secs 

11 mins 2 secs 


It will be thus observed that sugars have a definite retarding action on 
saponin, taurocholate and oleate haemolysis Ponder and Yeager in their recent 
paper (/oc cit ) have shown that the effect of sugars is mainly on the corpuscles 
themselves, a view already advanced by us previously It was, therefore, desir- 
able to find out whether haemolysis in sucrose solutions show an analo'^ous 
behaviour to that m saline solutions so far as the different aspect of hccmolysis 
already studied in saline solutions are concerned To make a full investigation 
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therefore, \\c ha\e made cxpeitments on tlie nature of the time-dilution curves 
of taurocholatc., saponin and oleate haemolysis with different concentration of 
blood and the Inemolytes effect of normal serum on the acceleration and retarda- 
tion of haemolysis, etc, in isotonic sucrose solutions We have already given 
some data on the effect of normal scium m Tables XIII and XIV which show an 
identical behaviour to that obtained m saline solutions An almost analogous 
behaviour has also been observed m the case of taurocholate, saponin and oleate 
haemol}sis and ue have come to the conclusion that InEinolysis in sucrose solution 
shows m all important respects a similar behaviour to that carried in saline 
solution, the only difference being" a depressing action of sucrose on the haemolytic 
efficiency of different haemolytes by changing the nature of the corpuscle 
membrane to a certain extent 

VII The mechanism of hsmolysts 

In the preliminary intioduction it was observed that the membranes of the 
red blood corpuscles are composed of substances which are colloidal in nature 
and part of them such as the lipoids (lecithin, cholesterol, etc ), can be easily 
dispersed as hydrophylic and hydrophobic colloids in water It has already been 
known from sometime past that a solution of bile salts has a dissolving effect 
on lecithin and cholesterol In a previous papei (Sen and Basu, 1928) we have 
shown that soaps, bile-salts and saponin peptize the lipoids easily, consequently 
we can assume that the effect of these substances, which also lowers the surface 
tension of water gieatly, in haemolysis is due to a peptization of the lipoidal 
constituent of the corpuscle membrane It is of course true that the presence 
of the protein will have an effect on this peptization It is well known that 
corpuscle membranes are slightly negatively charged in saline or sucrose and 
Gough (1924) has shown that the agglutinating power of different metalic ions 
in the case of sheep’s corpuscles is in the order Ce > Th > Ca > Fe (CN)o 
It will be interesting at this place to draw an analogy with an inorganic colloid • 
Thus we have found that the coagulating power of these cations on a copper 
ferro-cyanide sol is Ce > Th > Ca > Fe (CN)^ beginning with the highest « 
Copper ferro-cyanide further offers a closer analogy in that it forms membranes 
with properties veiy similar to those of the coipuscles membiane 

Thus It IS impermeable to sugars and to many substances which is quite 
analogous to the behaviour shown by the stroma A recent investigation by 
Gurchot (1926) has shown that the variable permeability of the copper ferro- 
cyanide membrane in presence of different substances is caused by the coagulation 
or the peptization of the membrane and he has drawn attention to the fact that 
the change in permeability of many plant cells in presence of alcohols investigated 
by Czapek (1910) and the results of Walden (1893) with different organic acids 
IS nothing but due to a coagulation of the membrane If now a similar view 
IS advanced to explain the permeability of the stroma, the following becomes 
obvious We can consider that ordinarily the corpuscle membrane is in a 
peptized condition and consists of fine granular particles, the interspaces of 
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which are filled in by the adsorbed aqueous medium, an assumption exactly 
analogous to that of the copper ferro-cyanide membrane Hence water and many 
watei soluble substances can pass through the membrane Aqueous solution of 
some neutral salts are, however, not easily permeable because the stroma is 
polarized owing to the existence of an electrical charge Salts which have a 
high coagulating power on the stroma may make the membrane permeable by 
coagulating it and forming coarse flakes, but at the same time the hsemoglobm 
may also be precipitated That with a low concentration of strongly coagulating 
ions, a permanent change occurs in the stroma is shown by the results of Mikwa 
(1924) who found that small amounts of uranyl acetate actually damage the 
structure of the cells as is shown by the increased sensitiveness to physiological 
saline The impermeability of the sugars may, however, be due to a different 
cause, namely due to negative adsorption, a tact well known in the case of copper 
ferro-cyamde membrane We can, therefore, summarize the phenomenon of 
htemolysis as depending on the following several factors — 

1 Coagulation of the corpuscle membrane whereby the membrane material 
will form coarse flakes and hence gives an mciease m permeability 

2 Peptization of some of the membrane constituents such as the lipoids 
whereby the whole membrane will get loosened and an increase m perraeabil’ty 
will occur 

3 Mechanical or other forms of rupture such as due to swelling or 
imbibing of water either by the cell as a whole or by any component of the 
membrane 

4 Pure solubility eflfect as for example m the dissolving action of some 
organic solvents over some of the membrane constituent" 

These factors will account for the effects of heavy metal salts whicn at low 
concentrations act as coagulants, the effect of soaps, saponin, bile-salts, etc , 
which are good peptizing agent for lipoids, the action of narcotics and of 
hypotonic and hvpertonic solutions The effect of acid and alkali already 
studied may also be due to a decrease or increase m the peptizabihty of the 
membrane or due to a hydrolytic effect on the lipoids For a full discussion 
of this point our previous paper (Sen and Basu, 1928) may be consulted 

There are, however, several minor points which cannot be clearly explained 
as yet Thus, it was suggested by us pieviously that the effect of normal serum 
in the retardation of hemolysis by different haemolytes is due to a displacement 
of adsorption of the h^molyte on the corpuscle surface, the serum being prefer- 
entially more adsorbed This view agrees well with the experimental results of 
sedimentation and agglutination of corpuscles m presence of serum The accele- 
rating action of normal serum in some conditions as given m tins paper cannot 
however be explained so easily We do not however believe that a new body 
of protein haemol>te complex having a much greater hccmolytic efficiency is 
formed when serum is added to a taurocholate corpuscles or oleate corpus- 
cles mixtures The explanation of the acceleration observed when serum is 
added to a rmxture of oleate and corpuscles or taurocholate and corpuscles must 
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(F}om the Physiological Laboiaiorv, Grant Medical College, Bombay) 
[Recened for publication Januan 25 1929] • 

Labor A,TOR\ tests for renal efficienct are obviously based on a knowledge 
of the normal phvsiologoical actuity of the kidnejs The functions of the 
kidne 5 s are to excrete water, certain nitrogenous waste products and many toxic 
substances that mav gam entrance into the body They regulate the osmotic 
pressure of the blood by maintaining the optimum concentration of salts in the 
tissues and body fluids Bi lemoring certain acid products, they maintain the 
acid-base equilibrium of the blood The\ not only remove w'aste products, but 
on the other hand are able to pre\ ent the elimination of useful substances, e g , 
glucose Water and chlorides are excreted m large amounts, when present in 
excess , but their elimination is markedly diminished, wdien the bod> lacks them 
The work of the kidne 3 S consists chieflj of removal of preformed constituents, 
for, wnth the exception of hippunc acid and possibly ammonia, all the other 
constituents of the urine are formed in parts of the bod\ other than the kidne\ 
Therefore an\ changes that ma\ occur m the blood plasma are normally 
reflected in tiie composition of the urine, and we may say, that the function of 
the kidney is to keep blood plasma more or less normal in composition In the 
formation of the urine, the processes which pla} a part in var\nng proportion 
are filtration, selcctue absorpt on and secretion So far as the excretion of 
waste products ot nitrogenous metabolism, namely urea, uric aad, etc, are 
concerned, it is to be borne in mind that the kidney is able to concentrate them 
to a very great extent Thus, comparing the amounts of urea, uric acid and 
creatinm in blood and ni urine, it is found that the concentration by the kidne} 
IS 72, 29 and 40 times respectnely This power of concentration may be even 

( 77 ) 
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"reatcr, especially in regaicl to nica When the renal cells are diseased, this 
power to concentrate become'^ markedly reduced Therefore some idea regard- 
ing the extent to which the kidney is damaged may be ascertained by an estima- 
tion of any of the substances just mentioned Of all these, urea is easily 
estimated both in the blood and the urine and a knowledge of the concentrating 
power of the kidney for urea is the basis of the well-known urea concentration 
test of i\raclean and De ^A'esselow 

The technique of the test m ^^aclean’s own words is as follows — 

‘ The patient is asked to empty the bladder, and immediately afterwards he 
receives by mouth 15 grammes urea dissolved in about 100 cc of water The 
bladder is emptied one hour and two hours after the urea has been given and the 
specimens of mine examined for urea content Thus if urea is given at 10 am, 
a specimen of urine is obtained at 11 am and one at 12 noon If either 

specimen gues a percentage of urea aliove 2, the kidneys are held to be fairly 

efficient, the higher the concentration the moie effective is the renal function 
The reason why two specimens aie taken is that in certain patients the uiea 
given by mouth may produce a diuresis, which tends to dilute the mine passed 
during the first hour In this case, the second hour’s specimen should be 
examined Indeed in routine work, it is generally best to discard the first 
specimen altogether and to relv on the result obtained from the second specimen 
Nof moie than about 120 cc nunc should he passed m the second hoiu 

Occasionally, if there is much available fluid in the patient’s system, it may be 

necessary to take a specimen after three hours, or even to repeat the test, but this 
is seldom necessary In patients with marked diuresis, this must be allowed for 
in estimating the renal function In order to avoid the tendency to diuresis as 
much as possible, it is impoitant that the patient should be warned to take 
as little fluid a<: possible foi 12 to 18 houis before the carrying out of the test ’ 
The mam point is, that m the urine collected 2 hours after the oral adminis- 
tration of 15 grammes of urea, if the percentage of urea is less than 2 the 
kidneys are held to be less efficient than normal It is a provocative test The 
blood is flooded with urea, and the kidneys are provoked to excrete urea at highei 
concentrations than on ordinary diet It has been found, that 24- hours after 
taking 15 grammes of uiea, blood urea varies from 40 to 80 mg, while the 
normal figure on average diet is 15 to 40 mg per 100 cc of blood 

The urea estimations are carried out by the hypo-biomite method The 
test IS simple It has been used in a large number of cases, by Maclean and 
others, and has been found to be very useful in determining the state of 
the kidneys It has been claimed that lesions of a much slighter degree can be 
detected by this means than by estimation of blood urea The test is perfectly 
safe and can be applied even to cases showing symptoms of uiasmia To mask 
the taste, about 1 c c of tmet aurantii may be added to the urea solution, but 
this IS not often necessary It is to be borne m mind, that like other tests of 
renal efficiency, the urea concentration test gives positive evidence only when the 
kidney has already suffered gross damage, and that it gives no indication of the 
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cause of the damage whether it be due to nephritis, calculus, tumour, or some 
other lesion But when taken with other clinical findings, it afifords very useful 
information regarding the condition of the kidneys 

Obviously, m order to interpret the test m any given case a knowledge of 
the normal data is necessary The object of the present investigation was to 
ascertain normal standards for Indians owing to possible differences as compared 
n ith English figures, depending on different dietetic habits and climate conditions 
The technique followed was precisely the same as advocated by klaclean 
Altogether 38 normal persons were examined, of whom 20 were males, 12 females 
f non-pregnant) and 6 females (pregnant) Investigations in pregnant females 
1 ere earned out to ascertain if normal pregnancy has any effect on the efficiency 
of the kidneys The tests were earned out in the morning before breakfast, 
no fluid having been taken overnight Twenty males consisted of 1 medical man, 
4 medical students and IS laboratory servants, and observations on these are 
recorded in Table I Twelve females (non-pregnant) consisted of 2 medical 
women, the rest being all students, and the results of these are recorded in Table II 
Table III is a record of obsenations on 6 normal pregnant women, all from 
Bai Rlothbai Hospital The age and diet in each case were recorded The 
bladder was emptied prior to the administration of urea This urine is called 
‘Specimen A’ It was carefully examined to eliminate abnormal cases Its 
volume, specific gravity and reaction were carefully noted It was examined for 
albumin For this, the Sahcyl Sulphomc Acid test was applied The percentage 
of urea in this sample was estimated After careful centrifugahzation, the sedi- 
ment was examined microscopically for casts, etc All cases showing 
albuminuria, casts, etc , were excluded 

Then 15 grammes of urea dissolved in 100 c c of water were given by mouth 
Urine was passed after one hour This is called ‘Specimen B ‘ Its volume an 1 
percentage of urea were carefully observed 

Urine was passed again after 2 hours This is called ‘Specimen C’ Its 
volume and percentage of urea were again carefully estimated and recorded 
In some cases a third-hour sample was also obtained and analysed for urea 
content But this has not been included in the routine obseiv^ations 

All urea estimations ivere earned out by the hypo-bromite method described 
by Maclean 

The results of the observations are tabulated as follows — 

Table I Males (20) 

Table II Females (12) 

Table III Females (pregnant) (6) 

Table IV gives the average percentage of urea m Specimens A, B and C as 
well as the average quantity of urine m the second-hour Specimen C of all the 
38 normals including males and females 
It wall be observed that — 

( 1 ) The a\ ei age percentage of urea in the second-hour sample is w ell abo\ e 2 
Not onh the a\erage, but the actual percentage in all the 38 normals, except 



so 


Some Ohsetvahons on Uiea Concent) ahon Test. 


Wjn lUOD J3cl ^ 


— 

a\ 

to ?o 


DO UI [OA « 


-* o 
io in 


BOJn JU 33 JOJ ^ 


to 

ro rj- 

rg fo 


D 0 UI [OA 


to 

to rg 


-♦-> ■*-* y 

rt rt rt 


op 


w VI a 

3 s n 


I c & 

5 n> u 
< 


B3jn 41100 jOfj I ^ 


to IT) 
o\ *~i 
O 


uouinqjy 


•Z ^ 'Z 




*13 tJ 


UOl}OE 3 ^ u y 

<t < 


j 3 dg 







8 L Bliaha, J D Dunclas and 8 M Cooper 


81 


CO 

O 

m 


m 


in 


CVI 

CO 

CM 

CM 

tn 


OS 

T-H 


o 

CO 

'tr 

o 

tT 

fa 

fa 

CM 

to 

fl 

M 


fa 

CM 

CO 

CM 

in 





C\ 


in 

in 

o\ 

CO 

rr 

VO 

m 


in 

VO 

In. 

VO 

-cf 

CM 

m 

Cs 


• 

In. 


r~4 



in 


VO 


'O 

VO 

O 

CM 

CM 

tv 

'tf 

CO 

CM 

CM 


fa 


CO 

T-l 

T-S 

fa 

fa 

fa 

fa 

m 










in 


0\ 


VO 

Cv 

'M' 



rf 

CO 

6v 

VO 

lO 

m 

CO 

oo 

VO 

CO 

in 

CO 

CM 

VO 







T-4 






v> 

no "J 

Ui 


(A 







« o 

5 =■ 

" o 

O 

o 


3 

o 





g 

™ o 


c* 

C. 








43 

Cli 


1-. 

u. 

C« 


o« 





$1 


o m 

o o ^ 

u V3 


1-* </) 





S o „ 


cd 

« cii 

•O C rt 

O id 

- rt 
e i- 


o id 

C Ctl 
c i- 





13 pi? 
w u. 


S' ra 3 


3 


3 





rt 3 


O 

o " 

< 


< 





o 

XT' 




*— ( 



CO 

f-4 

CM 

rr 

tv 

m 

O 

CO 

04 

O* 

o 

o 

VO 

VO 

rj- 



fl 

f4 

fa 

o 

»-* 

CM 



»— s 
















iS 

IS 

IS 

IS 

IS 

IS 

IS 



*o 

•d 

>» 

^ « 

•o 

'O 

-3 

o 

c 

•3 

*3 


u 



vLi< V-M 

CO r3 



u 


u 

u 

< 

<< 

< 

< 

< 

< 

< 

Jii 

< 

< 





Wrt 




< 



m 

CO ^ 




o 

o 

o 

t-H 


VD 


*-H 



O 




CM 

CM 



o 

o 


O 

o 

o 


O 

O 

O 









r-« 

VH 

r ~1 

m 

<n 

VO 



o 

VO 

CM 


CVJ 



m 

VO 

CM 

m 

VO 

CO 

t-M 



VO 







O' 









•4.4 




•4.4 







c 



c 

3 











O 


•4>^ 





•o 

•3 

■4~» 

*3 

•3 


a 

1 

§ 

§ 

§ 

3 

3 

§ 

3 

3 

§ 

> 

u. 

> 

i-t 

> 

e 

£: 

v> 


£ 



£ 

Ui 

cn 

o 

VI 

c; 

VJ 

o 

V3 

u 

’rt 

w 

u 

V3 

"rt 

i> 

<j 

o 

(A 

j Lab 

Lab 

Lab 

Lab 

Lab 

•3 

O 

V-4 

1-^ 

•3 

O 

s 

Lab 

•3 

O 

S 

*3 

U 

s 

43 

rt 



S 



> 

s 



> 


j 45 

m 

IN. 

o 

o 

VO 

CM 

TT 

»—« 

CO 



CM 

TT 

CM 

CM 

CO 

CM 

CM 

CM 






K 

S 

Pi 

Q 

o 


o 

o 

O 


ra 

o 

bi 

IS 

Pi 

« 


« 

C3 


bi 

s 


O 

« 

P3 

> 

> 

O 


CM 

CO 


m 

VO 

Xv 

CO 

o\ 











CM 


J, MR 


6 



82 


Some Ohseivafions on Utea Concent) ahon Test 


1 

-I' 

o 

oi 

iT 

W 

E-c 


:2:e-< 

U 

WC/3 

w 

ow 

ft* 

U1 


8^ 


o 


■»-^ ) — 1 

u 


< 


u 


w 

a5 


U04U ]V133 JDJ 


DO III {OAi 


5liDD JDJ 


DO lit [Oj\ 


^ VO lo lO fO 

^ o ro c^J rs to 

^ fO tT ^g 


\o o o-i 
lo to O'! 


to lO to 

VO fO ^ ^ o 

r-^ r-t (\J (\J 


to VO 
to o 


^ ^ VO ^ (\1 

Ov VO C\ to NO 

CO OJ ro (Si (Sj {<,J 


CO 

fvi 

Ov 

o 

o 


fO 

M* 

to 

’T 



VO 

VO 

to 


rO 


»— 1 

rv 

CM 

<Si 

<Si 

<Si 

CM 

a\ 

to 

00 

CVJ 

CO 

VO 

M- 

CM 

VO 

to 


3}D 'SJSBO 


B3Jn }II3D JDJ 


C\ 0> ^N. to 

CO to O C7\ fVJ 


to lO 

OO to CO 

f-< o 


rt 

C 

bjO 

<L; . 

*— < CD' I 

w c 


uauinqiY 


UOIpED^a 


i3 dS 


0 0 Ul JO 


*2 

*2 

*2 

*2 

'2 

u 

u 

D 


G 

< 

< 


< 

C 

OO 

o 


<?\ 







o 

o 


o 

o 

T— < 

T-S 




CO 

o 

o 


fO 

VO 

to 

»— 1 

VO 

to 

CM 





'a *0 
o u 


'o ’a 'v 'a 


lO (VJ CO 
O ro '-c 


[I0fSS3J0Jtf 


33A= a 

pPXVJrtI = M 

i3ia 


■4-* 

•*-* 

4-* 

G 

G 

C 

4> 

V 

o; 


•t? 

no 

J3 

O 

G 


■4^ 

•4-» 


</? 

V7 

»— • 

»— • 


as 

rt 


u 

u 

u 

*5 

*5 

'S 

a> 

V 

0^ 

Vr< 

VH 




>< 




4^ 

C 

s 

E 

•a 

O 

o 

G 

> 

> 






«— « 

»*-* 


cd 


u 

a 

u 


T3 

n3 

V 

0^ 

o 


s 

V=H 

1^ 




r— » fM to ^o 'tj* to fN to 

oatoc^c^cQc^c^cocv^co 




rHCMCO'criO'Ot^OOCT'O.^JM 



83 


S L Bliafia, J D Bundas and S M Coope) 


c 



<; <u 






84 


Some Ohse} Dcitions on U)ea Concent) ahoii Test 


Tahlc IV 


No 


Average 
per cent 
urea. 

Sample A 

Average 
per cent 
urea 

Sample B 

Average 
per cent 
urea 

Sample C 

Average 
quantity of 
urine in cc 
Sample C 

1 

20 normal males 
(Table I) 

146 

2*28 

2*77 

1 

512 

2 

12 normal females 
(Table II) 

129 

2-25 

1 

2*91 

52*3 

3 

6 normal females 
(■pregnant) 

(Table III) 

125 

2*41 

3 23 

575 

4 

Average of all 38 
normal persons 

(including males and 
females) 

133 

2-31 

2*97 

53 6 


No 1 in Table II is higher than 2 The highest figure for urea concentration 
IS 4 75 per cent (Case 5, Table II) This shows that the power of the kidneys 
to concentrate uiea is as good in the Indian as in the Englishman No marked 
variation is observed 

(2) The percentage of urea m Sample A (urine before test) is relatively 
low, the aveiage being 1 33 per cent and the lowest figure is actually 0 21 per 
cent This is, no doubt, due to the low protein diet of the Indian We have tiied 
to classify these 38 normals into vegetarians and non-vegetarians Accoiding 
to their own statements, 7 were pure vegetarians and 31 took mixed diet of meat 
and vegetables But the amount of meat taken per day even by those who are 
not professed vegetarians is small, much smaller than the daily meat ration of 
Englishmen in England Hence, the urea content of the urine of the Indian is 
generally lower than that of the Englishman The average figuie for English- 
men, or those who live on a generous ration of meat, is 2 per cent or higher 

We think in order to adjudicate the results of the urea concentration test, a 
knowledge of the percentage of urea in Sample A is essential If the urea 
percentage in this sample is low, then concentration up to 2 after 2 hours 
denotes efficient kidneys Thus Case 1 in Table II had 0 9 per cent urea in the 
Sample A, while Sample C contained 1 94 per cent This shows that the con- 
centrating power of the kidney is quite good in spite of the figure being juat 

below 2 , , , n- 

Erom the figures available, there does not appear to be any real difference 
between the vegetarian and non-vegetarians as regards their power to concen- 


trate urea ^ ^ 

(3) The volume of the second-hour Sample C is larger in the case oi Eng- 
lishmen than m Indians For 38 normal Indians this volume is on the average 
53 6 cc, while tor Englishmen as worked out from Maclean’s table for persons 
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of the same age-groups it is 100 2 c c Further in no case did the amount exceed 
120 c c It IS to be obseived that there is less tendency to diuresis after adminis- 
tration of urea in Indians than in Englishmen 

(4) When reckoned according to age, it is to be observed, that of the 
38 normals, 1 is below the age of 18, 4 between 19 and 25, 32 between 26 and 
45 and one between 46 and 65 years Thus a large majority of these belong to 
the adult age-group We have not yet sufficient figures for the other age-groups , 
but there is no doubt, as stated by Maclean, that as age advances the power to 
concentrate urea diminishes 

(5) Table III shows that normal pregnancy does not effect the efficiency of 
the kidneys and that the urea concentrating power of the kidneys, when tested, 
is well within normal limits 

Recently Stott and Mangahk have published standards for this test in 
healthy Indians They also conclude that there is no difference in the power 
of urea concentration either at all ages or in the different age groups between 
healthy kidney of normal Indian and normal Englishman m spite of marked 
dietetic differences They also observed, as we did, that the Indians secreted 
less urine during the second hour than Englishmen 

Now, this test has been applied in a large number of hospital cases in this 
laboratory The cases were both medical and surgical and came from the J J 
Hospital There is no doubt, that the test is of great value in determining the 
efficiency of the kidneys By uay of illustration, we may quote the data obtained 
from 5 cases of chrome nephiitis showing low urea concentration The results 
are given in the following table — 

Table V {Medical Cases) 

UREA CONCENTRATION TEST 

SPEKIMfiN B 

Vol Per cent 
m c c tirea 

130 1 17 

114 1 34 

56 1 

57 5 0-8 

94 083 


Specimen C 




57 No albunununa 

68 No albuminuria Gra- 

nular and epithelial 
casts present 

IS Third-hour sample Vol 
50 c c Urea 1 2 per cent 
Albuminuria present 

08 Albuminuna and granu- 
lar casts present 

76 Albuminuria and granu- 
lar casts present 


Urine Spe- 
cimen A 

No Name 

Per cent 
urea 

1 MG 06 

2 F S V 1 125 

3 VP 0 78 

P D S 0-35 

T F 0-44 
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Some Ohset uations on TJ)ea Concentiation Test. 

It will be observed that the urea percentage in either of the samples collected 
aftei administration of uiea is less than 2, indicating-thereby that the kidney, 
are less efficient The percentage of urea in Sample A is also low, much lower 
tian the usual figure of 2 per cent given for Europeans, butuiot so low as 
compared with the figures we have just put forward for 38 normals It is clear 
that no conclusions whateier can be drawn from a single estimation of urea in 
the urine I he only way in which these estimations do help is by administrating 
urea by mouth and so flooding the kidney by excess of urea in the blood If 
then the percentage rises to 2 oi ovei, the kidneys may be considered to be quite 
good 

In dealing with medical cases the test is specially helpful in Chronic Inters- 
titial or A/Jotccnnc Nephiitis, in which oedema is slight or absent, albuminuria is 
also slight or absent, the chloride content of the urine is normal, there is tendency 
to increase of urea and other nitrogenous waste products in the blood, marked 
cardiovascular changes, and tendency to uraemia In such cases urea concentia- 
tion IS low, the figuies being below 2 per cent In Hydraeniic or Parenchymatous 
Nephritis with oedema, inaiked albuminuria, absence of caidiovascular changes 
and less tendency to uiemia, the uiea concentration gives noimal figures But in 
this case, Natuie has herself cairied out an efficiency test, for the presence of 
oedema in association with retention of chloiides is a visible demonstiation of the 
fact that the kidneys aie not excieting suit In latei stages, Parenchymatous 
Nephritis may pass into Azotcemic oi Interstitial Nephritis Then this test gives' 
evidence of the diminished power of the kidney to concentrate urea 

The physician often needa lufoimation legarding the efficiency of the kidneys 
m aflections other than Nephritis, in which the kidneys may be involved In such , 
instances the test is veiy helpful There is one interesting observation in our 
records, which shows that during an attack of malaria, the efficiency of the 
kidneys is impaiied E V, a laboratory servant aged 25, was piepared for the 
urea concentiation test Duiing the test, he was suffering from an attack of 
malaria His blood was examined and malaria parasites were found (both 
B T and M T ) The urea concentration test gave the following lesult — 


/ 

Per cent urea 

Volume m cc. 

Urine Sample A 

155 

130 


0-875 1 

200 

c 

1695 

82 

» » P 

18 

79 


Sample D = third-hour sample 
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He was put on anti-malarial treatment, and the urea concentration test was 
again done 3 weeks later with the following result — 





Per cent urea. 

Volume in cc. 

Urine 

Sample 

A 

144 

61 


it 

B 

226 

69*5 

$t 

ft 

c 

2-42 

t 1 

00 

it 

It 

D 

2*42 

56 


There was no albuminuria at any stage It shows that the kidneys become 
less efficient during an acute malarial attack, but this is a temporary effect as 
recovery soon occurs under appi opriate treatment 

This test does not tell us what the cause of the renal inefficiency is No 
renal test does this It, however, does help considerably in forming our judgment 
regarding the existing condition and the future outlook of the patient 

It IS also helpful m estimating the renal function in certain surgical affec- 
tions of the genito-urmary tract, e g , enlarged prostate Whenever there is long 
continued obstruction to the passage of the urine, the kidney is involved sooner 
or later and its efficiency is diminished Under these circumstances a major 
operation may be disastrous and should be postponed , nothing more than the 
most urgent surgical procedure should be carried out Thus in enlarged prostate, 
suprapubic cystotomy only should be carried out at first The major operation 
of prostatectomy can be carried out with comparative safety at a later stage 
The kidneys recover to a large extent when the obstruction is removed The 
renal damage in such cases does not appear to be of a permanent nature In 
such cases a combination of the urea concentration test and estimation of blood 
urea gives valuable help If these are normal, the operation can be carried out 
with relative safety The following case may be cited by way of illustration — 
Die, aged 55 J T Hospital Suffering from enlarged prostate 
Urea concentration test 



Per cent urea 

Volume in c.c 

Sample A 

2*51 

17 

„ B 

2*39 

40 

„ c 

2*66 

25 

„ D 

2*72 

33 


Prostatectomy uas done and the patient made a good recover} 

In surgical cases additional help may be obtained by applying one of the 
d}e tests, namely, indigo carmine or the phenol sulphon phthalem te^t, and by 
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ureteric catheten-iation the Icbion may be localised m one or the other kidney 
Finally, as Harrison sa)s, the urea concentration test being a provocative test, 
when applied to damaged kidiieyb, it makes a call on some of their ‘reserve,’ and 
for this reason it is possibly a more sensitive test than many others, e g , estima- 
tion of blood urea Some idea of the ‘ reserves ’ of the kidney may be had from 
the fact that a man wuth one kidney excised may give a normal urea concentra- 
tion test This will be illustrated by the following case — 

C T , Hindu, aged 23 J J Hospital Suffering from a cystic swelling 
m left lumbar region and left iliac fossa for 5 years, which is dull and painful on 
pressure It had been tapped thrice The last tapping was 4 days before 
admission History of hrematuria for 48 hours Diagnosis Hydronephrosis 
(left) Urine alkaline, abundance of red blood corpuscles, deposit showed 
phosphates 

Urea concentration test 



Per cent urea 

Volume m cc 

Sample A 

2*26 

73 

— It - — ■ — B*-- ■■ 

-3 34- 

36 

C 

3 58 

45 


Blood urea = 31 mg’ per 100 c c of blood 


Operation — Left kidney was leraoved Urea concentration test 3 weeks 
after the opeiation — 



Per cent urea 

Volume in cc 

Sample A 

11 

77 

B 

152 

103 

c 

2*74 

39 


Thus it will be seen that the urea concentration test gave evidence of good 
Icidneys in spite of the fact that the total amount of renal tissue was reduced 
by half It is to be borne in mind that two-thirds or more of the total renal 
tissue may be damaged before this or any other test for renal efficiency gives 
positive information 


CoNCIvUSIONS 

1 Normal standards for urea concentration test of Maclean and De 
VVesselow based on 38 normal subjects are given The efficiency of the kidney 
of Indians to concentrate urea appears to be as good as that of Englishmen from 
whom Maclean obtained his data 
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2 Six of the 38 normal subjects were pregnant women The test s^^owed 
that normal pregnancy does not m any way impair the efficiency of the kidneys 

3 There is less tendency to diuresis after administration of urea in Indians 
than in Englishmen 

4 The average percentage of urea in urine of Indians is lower than that 
of Europeans, owing possibly to smaller amount of protein m the diet 

5 The value of the test is discussed as well as its application to certain 
Medical and Surgical ailments 

We are much indebted to the Physicians and Surgeons at the J J and Bai 
klotlibai Hospitals for their help and co-operation 
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TTIJ<] ANATO]\iy OF THE INDIAN XEN0P8YLLA LAEVAS 


BY 

M \J0R W J WEBSTER, mc. ims. 

Ha^Kuie Institute, Bombay 

[RccenecI for publication, January 28, 1929] 

Thf classical description of the rat-dea larvas by Bacot and Ridewood(l) 
includes a full account of the larvae of Xenopsylla chcopis No record of the 
anatomy of the laivae of -Y a:,tia oi .Y brasiUensis has been traced in the Iiteratuie 
available Some additional notes on cheopis larvae have been published recently 
by Hendeison(2), whose material consisted of a collection of larvae sent from the 
Parel Laboratory to Edinbuigh, and it has been assumed that these aie cheopis 
larvae The collection was sent m 1909, and at that date all non-pectmate rat-fleas 
in Bombay were classed as cheopis It has since been accepted that the three 
species are repiesented (Table I), and it would appear unlikely that the larva; 
lefeiied to are cheopis only Although cheopis is about four times as numerous 


TabbC I 

Fleas collected fioiu the lat-pit, Haffkine Institute 



! 

cheopis 1 

X 

astta 

X 1 

brastheiisis 

i 

j 


1928 










' Others 

Total 

? 


1 

Total 

? 

0" 

j Total 

? 

e" 

Total 

August 

244 


574 

73 ; 

43 

116 

8 

6 

14 

I Bchidnophaga 

705 

September 

77 

124 

201 

22 

16 1 

1 

38 

2 

2 

4 

1 

1 

243 

October 

92 

153 1 

225 

35 

34 j 

69 

5 

5 

10 

i 

304 

November 

45 

101 

146 

33 

1 1 

1 19 

52 

9 

7 

16 

1 Clenoceplialus 

215 

December 

52 

52 

104 

i 24 

' i 

34 

! ^ 

3 

6 


144 

Total 

1 510 

' 740 

1,250 

187 ! 

122 

109 

1 

27 

23 

50 


1,611 

Per cent 


45 9 


116 

76 

1 

1 19-2 

1 



31 

01 

100 


( 90 ) 
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as astia on Bombay rats, yet when flea eggs are collected by keeping individual 
fleas in test-tubes, the majont) of the eggs obtained are from astia females It, 
therefore, seemed advisable to examine a number of all stages of the larr^ae of the 
three species in question 

It may be stated at once that the description of the larvte of *Y cheopis given 
by Bacot and Ridewood applies equally well to astia and biasilieiisis In particular 
It may be noted that the egg-breaker is present in the first stage larvae of astia 
and bittsilicnsis, that the maxillarjf palps are of type A (Plate VIII, fig 3) 
and the processes at the base of the antennae are of type A (Plate VIII, fig 4) 
throughout all stages of the larvae of the three species In accordance with this, 
the salivary glands are bi-lobed, thus conforming to the association of certain 
peculiarities of external and internal anatomy pointed out by these authors The 
number and arrangement of the seta: ib also identical, and the mandibles are very 
similar, showing five (occasionally four), teeth occup>ing the upper inner edge 
(Plate VIII, fig 5) 

With regard to Henderson’s description, it is noted that the rows of small 
seta on the anal mounds are much the same in the three species, but that there 
is considerable individual variation There are two rows of about eight setse, 
with one or more additional setae a^ the outer side of the upper end of the rows 
The majority of clicopis laivae show three or four of these external setae astia 
and biasilitiisis generally show only one The anal comb contains from 17 to 2''- 
setae, the commonest number being 20 The area behind the anal comb has the 
appearance of a distinct segment, and bears a small lateral seta similar to 
that on the tenth segment 

It has not, therfefore, been found possible to distinguish the three species in 
the larval stages 

In certain respects the appearances seen are considered to differ from the 
cescnptions preciously given 

As regards the tracheal system, Bacot and Ridew’ood refer to the diagram of 
a flea larv’a given by Laboulbene which they consider correct, except that it shows 
a stigma on the third thoracic segment Henderson also states that there is no 
spiracle on the second or third thoracic segments The position of the opening 
on the first segment given by Henderson is correct, viz posterior to both rows of 
setffi, and not accompanied by any irregularity in the line of the small setae There 
is no opening on the second thoracic segment On the third thoracic segment, 
however, a pair of stigmata is constantly present, at all stages ot the larvae of the 
three species They are situated immediately in front of the row of small setce 
and are not accompanied by any irregularity m the line of setie (Plate VIII, fig 1) 
In specimens mounted flat on the ventral surface, these stigmata are almost on the 
‘ edge ’ ot the body and therefore readily overlooked In, the thorax, the tracheal 
branch runs almost directly to the surface from the middle of the tube which links 
the upper and low er longitudinal trunks ot the tracheal system In the abdomen, 
the branch passes backwards some distance to reach the orifice (Plate VIII 
fig 2) The position of the abdcmmal stigmata is as described by Henderson 
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The processes at the base of the antennae are quite constant throughout all 

stages of the three species, viz, three large and three small processes, arranged 

in a seinicircJe^ on the upper outer side of the antenna In all but the first stage 

larvie, a scar’ suggests an additional, immature process on the inner side fPlate 
VIII, fig 4) c die 

According to Henderson, the small setae are absent from the thorax in the 
first stage larvae, but although they may be very nvmite they are constantly present 
(Plate VIXI, fig 1) It may be noted that the rows of large and small sete 
on each segment are closely approximated on the ventral surface but widely 
sepal ated on the dorsum 

Some relevant dimensions ot flea-eggs and larvie are given in Table 11, for 
comparison with the figures given by Bacot and Ridewood Table III shows the 
number of small and large setie on the various segments 

As regards technique, the use of Berlese’s fluid [which Fletcher (3) recom- 
mends for the examination of mitesj has been found satisfactory and time saving 
Drowned in /O per cent alcohol and mounted m this medium, flea larvse make 
excellent specimens If the tracheal system is to be investigated the larvae should 
be examined the same day As the medium is water-soluble, and the specimen is 
liable to be damaged if allowed to get wet, it is advisable to ring the cover-shp 
with gold size after a week or two This mountant has many other applications, 
eg, It would appear to be useful for mounting sandflies, entire or dissected, as it 
clears satisfactorily, and provides a permanent preparation, if required, without 
the necessity of further manipulation 


Summary 

The larvie of the three common non-pectmate rat-fleas of India are found to 
be indistinguishable on anatomical grounds 

Dr Cbitre has carried out the major part of the flea-counts 


Tabled II 


Species 

1 

DmcNSioNS 

OF FJ FA-EGGS 

Length of earv^e 

Tength mm 

Breadth mm 

New born mm 

Full grown mm 

X cheopts 

0-46 

0-31 

1*4 

3*6 

X astia 

0-44 

0-30 

1 

16 

3*2 

X brasilieitsts 

0-42 

0*30 

' 1*2S 

3*3 


Average of 12 specimens in each case 
There is considerable individual variation in the case of the larvs 
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Tabi,e III 

Pairs of seta on segments of larva of X cheopis, X astia and X brasiliensis 


Segments 

1—3 T : 

i 

1 — 6 A 

mm 

8 A 

9 A 

10 A 

Large sets 

s 

5 

6 

6 

7 

3 

Small seta; 

' i 

6 

6 j 

6 


1 
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Explanation of Plate VIII 

Fig 1 Part of newly hatched Ian a of X brasthensis, showing small sete on 
thorax and stigmata on first and third thoracic segments (The antennal 
processes are not in focus see Fig 4 ) 

„ 2 Part of full-grown larva X astia from lentral aspect to show thoracic 
stigmata and part of traclieal system 
„ 3 Maxillary palp of larva X brasiliensis 
„ 4 Antenna and processes ot larAa X brasiliensis 
„ 5 Outline of mandible of lar\ a X cheopis 
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It appeared to us to be of practical importance to gam some insight into 
the question of the excretion of antimoii)'- when administered in the pentavalent 
and tnvalent condition to patients suftenng from kala-azar We selected 
antimony compound No 693, which is a diethylamme salt of p-aminophenid 
stibmic acid as a type of a pentavalent antimony compound and sodium antimony 
tartrate as a tnvalent compound 

In our selection of a method for the estimation of the antimony, we were 
confronted with some difificulty The methods commonly employed for the 
estimation of antimony in the presence of organic matter consist in general 
principle of — 

(1) The deposition of the antimony on a copper foil when boiled in the 
presence of concentrated hydrochloric acid (Reinsch’s method) 

(2) Dissolving the deposited antimony in some suitable solvent such as 
alkaline permanganate (Goldsbrough , Beam and Freak) or alkaline persulphate 
(Brahmachari, Das and Sen) 

(3) Removal of impurities such as iron, copper, etc 

(4) Determination of the antimony coloi imetncally as sulphide or by titration 
with iodine 

We tried Beam and Freak's modification of Goldsbrough’s method but failed 
to obtain satisfactory results We next tried Brahmachari's modification of the 
above methods but with no more success Our failure to obtain concordant 
results with this latter method may be due to Brahmachari’s omission to give the 
necessary technical details such as the correct strength of the persulphate solution, 
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Its degree of alkalinity and the time during uhich the copper foil with the 
deposited antimony should be boiled with the alkaline persulphate solution A 
knowledge of these points is in our opinion essential 

j^fter repeated trials and man}' tailures we found the following method 
which is m principle a combination of Freienius and V Babo’s method for the 
destruction of organic matter and Riegel and Sanger’s method for the estimation 
ot antimony, the most reliable and e\peditious from the practical standpoint 

Description of the method 

The urine is measured and then eiaporated almost to dryness on a water 
bath m a porcelain ei'aporating basin Great care is necessary m transferniig 
the urine from the collecting bottles to the e-vaporating dish as the mine though 
presen’ed with formalin undergoes some degree of decomposition with precipita- 
tion of antimony and unless the bottle is carefully washed and the washings 
added to the hulk of the urine serious error may arise 

Destruction of the organic matter 

The evaporated urine is carefully transferred to a 500 c c Kjeldahl flask 
by the addition of successive small amounts of water, about 5 cc of concentrated 
hydrochloric acid (Merck’s arsenic free Sp Gr 1 12*1 — 1 226) and about 
one gramme of potassium chlorate (Merck’sj are added, the flask is then heated 
over a small flame with frequent gentle agitation of the contents If within ar 
hour the contents of the flask clears up and longer heating produces no change, 
the next step in the process may be proceeded with If not, as is usually the case 
where one has to deal with 200 c c or more of urine, 0 25 to 1 gramme potassium 
chlorate and 1 to 4 cc of concentrated hydrochloric acid are added at frequent 
intervals until the liquid in the flask assumes a jellow'ish colour and which does 
not darken on continued heating This procedure removes the bulk of the 
organic matter 


Removal of chlorine 

After the destruction of the organic matter as described 5 c c of concen- 
trated hydrochloric acid and sufficient distilled water to make the volume to 
about 250 c c are added and the liquid after the addition of a few glass beads 
IS boiled briskly until the contents reach about 100 c c It is then allowed to coo] 
and again 5 cc of concentrated hydrochloric acid and distilled water to about 
250 cc are added and the liquid boded as before until the bulk is concentrated 
to about 50 cc It is then tested for the presence of free chlorine, either by 
smell or by means of starch iodide paper A e have found from experience 
that two boilings with concentrated hjdrochloric acid seldom leave any free 
chlorine in the liquid It is essential that vviien boiling to drive out chlorine, 
the liquid be kept strongly acidified wuth hydrochloric acid as described, otherwise 
a big loss of antimony may occur The presence of the hydrochloric acid m 
excess serves m some way to prevent this loss and w^e wish to express our 
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inclcbtcclncss to j\Ir, R M Roy, arse, for his valuable help m solving this 
(hfikulty Our failuie with this method m the beginning was due to our lack 
of knowledge on this important point 

During this piocess it often happens that the solution assumes a brown 
colour which is due to some undecomposed organic matter, but w'e have not found 
this to affect our lesults 

The liquid is now filtered through a Whatman filter paper into a 100 cc 
measuring flask, the Kjeldahl flask and the filter paper being carefully washed 
until successive small amounts of hot water and the volume made up to 100 cc 
The solution is now ready for estimation of the antimony 

Bslumtion 

For this we followed m all essentials Sanger and Riegel’s adaptation of 
Gutzeit’s method for arsenic estimation to antimony with some minor modifica- 
tions as to details We were unable to use any method based on titration with 
iodine such as that of Knon, as a certain amount of organic matter always escapes 
decomposition and the presence of even a trace of this vitiates the result We 
found, howev^er, that the presence of some undecomposed organic matter does 
not materially affect the result when the Gutzeit's method is employed 

Procedure adopted 

(1) Preparation of the sensitized paper — 

On a Whatman’s filter paper, about 18 cm in diameter, strips are marked with 
a graphite pencil each measuring exactly 5 mm wide by 7 cm long The 
marked filter paper is then soaked in a 5 per cent solution of mercuric chloride 
for fifteen minutes in a flat dish and, after removal, drained and dried in a steam 
oven When dry the paper is carefully cut along the pencil marks to give strips 
5 mm by 7 cm The prepared strips must be stored over calcium chloride in 
a dark place It is essential that great care should be exercised in the cutting of 
these strips to exact size 

(2) Apparatus — 

This consisted of a wide-mouthed bottle of about 100 c c capacity fitted 
with a rubber cork through which pass a thistle funnel and an exit tube bent at 
right angles The latter was fitted with a small rubber cork to which was 
attached the deposition tube The actual arrangement of the apparatus is shown 
in the photograph 

About nine grammes of uniformly granulated zinc (Merck’s arsenic free) is 
placed on the bottom of the bottle and evenly distributed, the cork replaced and 
the thistle funnel adjusted so as to extend nearly to the bottom of the bottle A 
disc of lead acetate paper moistened with a drop of water is inserted in the 
enlargement of the deposition tube as a precaution against the possible evolution 
of sulphuretted hydrogen Finally, a strip of mercuric chloride paper is placed 
in position, care being taken to see that the paper does not present an uneven 
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surface to the issuing gas The bore of the deposition tube should be just large 
enough for the paper strip to slip in 



Prepaiation of the standard bands of antimony 
3 2469 grammes of sodium antimony tartrate is dissolved m 250 c c of distilled 
water An aliquot part of this solution is titrated against N/10 
and the antimony content determined One cc of this 

equivalent to 4 92 milligrams of antimony (theoretical 5 mg ) This solution 
IS labelled antimony solution No 1 A dilute antimony solution is also Prepared 
by diluting 5 08 cc of solution No 1 to 250 cc and labelled “^nnony so utm 
No 2 One c c of solution No 2 equals 0 1 mg of antimony To die app 
arranged m the manner described a small aliquot part of antimony solution No 2, 
say one c c , is added through the thistle funnel and sufficient hydrochloric acid 
(1 in 6) to make the total volume to 60 cc The reaction is then allowed to 
proceed for one hour when the paper strip is removed and placed in a sma 
test tube containing approximately normal ammonia solution A ac ' stain 
immediately appears but the paper should be allowed to develop for five minutes 
It IS then washed with distilled water and dried The stain formed is equivalent 
to 0 1 mg of antimoii} In a similar manner stains are prepared representing 
amounts of antimony from 0 02 mg to 0 3 mg For amounts representing less 
than 0 02 mg or more than 0 3 mg , the stains obtained do not represent the 
antimony actually present It is advisable to perform a blank experiment to be 
certain that the reagents employed do not produce a stain 
j, MR 
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lo determine the amount present in the unknown solution, an aliquot part 
IS taken and washed thiough the thistle funnel with hydrochloric acid (1 in 6) 
to make the volume up to 60 cc and the stain obtained compaied against the 
standaid stains If the stain does not fall within the set of standards, larger oi 
smaller quantities as the case may be of the unknown solution must be taken 
and the cxpcnment repeated We consider that this method, wdien carefully 
follov/ed, yields results correct wuthin 10 per cent 

The following points should he particularly noted — 

( 1 ) Kach worker must prepare his owm standard bands and he also must 
use appa-atus having the same approximate dimensions 

( 2 ) Ihe quantity of zinc should be very nearly the same and the granules 
as far as possible uniform 

(3) The total volume of the liquid (acid and antimony solution) inside 
the reaction bottle must be the same in every experiment 

(4) On general principles it might be supposed that the amount of the stain 
might be influenced by the rate of evolution of the gas and that it w^ould therefore 
be desirable to have the concentration of acid inside the reaction bottle the same 
for each determination In practice, however, we found from a number of 
experiments m which varied quantities of urine containing known amounts of 
antimony were used and which required diffeient amounts of hydiochloric acid 
for digestion that the stains obtained were not appreciably different from the 
standard bands for those respective amounts 

Utilizing the method as described, we pioceeded to study the excretion of 
antimony m the urine Two patients weie each given a single intravenous 
injection of compound No 693 consisting of 300 mg and representing 123 mg 
of antimony The amount of antimony present in the urine was determined at 
frequent intervals for the fiist three days and then foi several days in the 
twenty-four hours collection The results obtained are shown in graph forms 
and placed side by side to facilitate comparison Graphs marked Aj^ and 
represent the excretion rate m both patients dm mg the first day. A™ and Bn for 
the second day, A^ and B 3 for the third day, while A, and B^ represent the 
antimony excreted in every twenty-four hours collectively It may appear from 
a compaiison of the Graphs A^, A,, A 3 with B^, B,, B 3 that their similaiity is 
not exact If, however, the amount of antimony excreted for the same period 
IS compared, it will be found that there is a close resemblance, for example m 
Ai, 18 per cent of the antimony injected is excreted in two hours and thirty 
minutes, while m Bj, 20 per cent is excieted m two hours forty-five minutes 
This similarity is better brought out, therefore, in Graphs A^ and Bj where it 
may be noted that about 45 per cent of the antimony is excreted m the first 
twenly-four hours m A^ against 38 per cent in B^ During the second twenty- 
foui houis, 5 per cent in Aj and 7 5 per cent m B^ During the third twenty- 
four hours, 1 per cent m Aj, and 1 5 per cent m Bj After the third day, the 
antimony excreted assumes a very low and almost constant value On an average 
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it may be stated therefore that about 49 per cent of the antimony is excreted in 
the first three days 

Our next series of observations was concerned with the rate of excretion of 
the same compound (No 693) when administered intramuscularly Two patients 
were each given 300 mg of 693 intramuscularly and the antimony excretion 
studied on exactly similar lines 



The results obtained are given in graph form 

It will be noted that the same general agreement which marked the graphs 
representing excretion under intravenous injections is also present in the intra 
muscular cases On comparing Graph with it will be seen that abou’ 
36 per cent of the antimony is excreted in the first twenty-four hours (C^) 
against 32 per cent in during the same period In the second twenty-four 
hours about 4 per cent against 2 and m the third twenty-four hours 2 per cent 
against 1 On an average, therefore, about 34 per cent of the antimony is 
excreted during the first twent)"-four hours, about 3 per cent in the second, and 
1 5 per cent in the third with an average excretion of about 38 per cent dunng 
the first three da 3 's After the third day, the antimony excretion is very low 
and almost constant In general term it maj, therefore, be stated that the type 
of excretion cun'es in the intravenous and intramuscular administration is 
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sirnilir with compound No 693, but that there is a perceptible lag m the excretion 
rate when the intranuiscular method is used 



The next point that we proceeded to investigate was whether an alteration 
m the dose of the compound No 693 would affect the picture of the excretion 
rate To determine this, a patient was given an intravenous injection of 150 mg 
of No 693 (half the former dose employed) and the antimony excreted estimated 
in every twenty-four hours sample The results are shown in Graph E 
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P.C.OF SB EXCRETED 



P C OF SB EXCRETED 



PC. OF SB EXCRETED 
2 PM ^ 



PiG.OFSB EXCRETED 




ENTAGE 0FS8EXCRETED 
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PATIENT NO 3 
30524 HOURS nQ6S3 
INTRAMUSCULAR 


- PATIENT NO 4 
322 24 HOURS NO ggj 
IHTRAMUSCULAR ~ 


Percentage of Sb excreted. 
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A comparison of tins graph with Giaphs A and E shows a close similarity 
not only in the type of curve, but also in the percentage of antimony excreted on 
respective days 

Our last scries of observations were earned out to determine the excretion 
rate of antimony aftci administiation of antimony in the trivalent form Two 
patients were given a single intravenous injection of 50 mg and 60 rag respec- 
tively of sodium antimony tartrate and the amount of antimony excreted m the 
urine estimated m tw'enty-four hours sample The results are shown in Graphs 
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F and G It will be noted that the graphs are of quite a different type and 
show a low percentage of excretion during the first twenty-four hours and no 
such abrupt fall m the excretion rate as ivith compound No 693, the graph in 
fact is characterized by a gradual fall in excretion rate 

Summary and Conclusions 

(1) We have discussed the question of a suitable method for the estimation 
of antimony m the presence of organic matter and have given a detailed descrip- 
tion of the technique we employed and the probable error 
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(2) We have studied in detail the excretion rate of a pentavalent compound 
(le. No 693), when given intravenously and found that on an average about 
41 pel cent of the antimony is excreted m the first twenty-four hours, 6 per 
cent m the second, and about 1 per cent in the third twenty-four hours 

(3) We ha\e shown that when the same compound (No 693) is given 
intramuscularly about 3 1 per cent of the antimony is excreted m the first twenty- 
four hours, 3 per cent m the second, and 1 5 per cent m the third twenty-four 
hours 

(4) The types of curves obtained under both intravenous and intramuscular 
injections are similar except that there is a slight lag in the excretory rate when 
the intramuscular route is used 

(5) An> alteration of the dose of the compound does not make any 
diffeience m the percentage of the antimonj excreted in relation to the dose 

(6) The excretion rate of a tnvalent antimony compound (le, sodium 
antimony tartrate) is extremely low' wdien compared wnth No 693 and is 
chdiacteiizcd by a giadual fall 

We wish to ackiiowdedge our indebtedness to Dr Napier of the Tropical 
School, Calcutta, who has very kindly supplied us with the necessary clinical 
mateiial and foi his close co-operation m the work We have also to acknow- 
ledge our thanks to the Indian Research Fund Association for the funds to 
carry out this work 
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I Introduction 

In an examination of the voluminous literature on the parasitology of 
malarial fevers, one is impressed with the significance attributed to the structures 
occurring an the insect host known as the ‘ black spores ’ These bodies, first 
described by Ronald Ross (1898) in connection with the parasites responsible 
for the production of malaria, were considered only second m importance to the 
organisms definitely identified with the exogenous cycle of that parasite During 
a course extending o\er a period of fully thirty years they were regarded as 
possibly of letiological significance I have attempted to present evidence obtained 
from a critical study of these bodies which warrants the consideration of a new 
view of the nature of the ‘ black spores ’ 

These structures have been referred to in the literature as the black spores 
of Ross, tire biozan bodies, or residual bodies of Grassi, and the chitiii bodied 
or chitin corpuscles of Bnig and Walch The structures referred to by the 
ranous authors are prominent m appearance, quite easily distinguished with the 
high dry powers of the microscope when search is made for malaria oocysts 
They are commonly banana- or sausage-shaped and often S-shaped or round and 
usuallj lery conspicuous They occur generally on the gut w'all of the dissected 
mosquito in clusters of about 0 2 nullimetre in size, ranging in colour from 
}ellow' to black 

The ‘black spores of Ross’ have up to the present time been thought to 
ha\e an association with the oocist of the malarial infected mosquito and on 
this account warranted serious consideration in a study of the essential phases 
of the role of the mosquito An attempt has been made in this paper to assemble 
all the a\ailable references to tins question of the ‘black spores of Ross’ and 
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on account of their important historical heaiing, to submit rather more complete 
abstracts than is usual m a short paper 

IT RniTarNcr-s to thc LiTravTURR 

Ross fl 905), writing- of the difliculties experienced m settling the question 
of the role of the mosquito in malaria, remarks ‘I was temporarily not a little 
delayed b} finding inside the mature pigmented cells certain large brown or black 
bodies, which I provisional!} thought might be connected wnth their life history 
It seemed that these black bodies, occurring as they did actually wnthin the 
pigmented cells fPlate X fig 10),* might be of the nature of sporocysts meant 
in some w'ay to infect other mosquitoes, so that the infection might not only be 
carried from man to man by the mosquito, but from mosquito to mosquito, or 
that they might be meant to infect man, as IManson had thought, through the 
w ater ’ 

Ross (1923) gained the impression during his earlier work that a portion 
of the oocyst along wnth the sporozoites gave rise to black spores (Plate IX, 
fig 1), and that in old mosquitoes these bodies get carried aw'ay into the tissues 
possibly producing the disease in the insect He surmised that the black spores 
might be intended for a free life in wdiich oocysts and sporozoites were perpe- 
tuated from the larval stage of the insect With this in view, numerous trials 
were made in infecting birds and larvae by ingestion He fed as many as 500 
black spores, dissected from mosquitoes, to young larvae repeatedly without 
result 

Ross claims justification for his interest in these black bodies inasmuch as 
they occurred m clusters actually within the ripe oocyst It was not until 9 
months later that Ross found the spores in uninfected mosquitoes and was then 
convinced that the)' were onlv ‘ parasites within parasites ' Later, he states that 
the bodies are not an essential stage of the life cycle of the Plasmodia He 
offers this explanation ‘ I was quite i ight to spend time over the question, as 
It was not one to be summanh dismissed, and has not been fully elucidated even 
yet' (1923) 

Daniels (1900) suggested a distinctive parasitic function to the black tubular 
bodies or spores found either in the plasmodia cyst of the infected mosquito’s 
gut or ‘ all over the body of the mosquito,’ originating from ruptured oocysts 
He confirmed Ross’s earlier views of these black bodies m suggesting that as 
testing spates they might be capable of supplementing the usual cycle in the 
following manner — 

(a) Attaining development outside of the insect host and invading a 
human host thiough ingestion or inhalation, and then resuming parasitic habits 

(b) Perpetuate the malaria infection through hei editary transmission by 
contaminating larvie in water and completing the cycle in the developing imago 

*To facilitate an understanding of the bodies described by difterent authors, photographic 
reproductions of some of their figures are given in the appended Plates (See Plates IX 

and X ) 
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Daniels states that these black spores are very resistant, undergoing- no 
visible change when treated with potassium hydroxide and survive submergence 
in water for months 

Grass!, (1901) interprets the origin and significance of the ‘black spores’ 
of Ross in an exhaustive manner In all the forms observed, they were always 
associated with the presence of sporozoites and oocysts In the latter case they 
occurred before the rupture of the parasites, and often when sporozoites were 
still within the oocysts He interprets the brown spores as immature or atrophied 
sporozoites or fragments of sporozoites with a brown envelope formed about 
them (Plate IX, fig 2) He prefers the term ‘brown body’ to ‘black spores’ 
of Ross He obseia'ed these forms m anophelines experimentally infected with 
malaria by feeding on crescent cases, and more rarely m mosquitoes found 
infected m nature A definite classification of brown and yellow brown bodies 
IS given depending on their supposed origin (a) elongated, arising from 
sporozoites, transparent in part, presenting several constrictions and with yellowish 
tinge, (fc) short rod, resembling a budding blastomycete divided into fragments 
from the longer forms, darker in appearance, (c) round bodies, composed of a 
central colourless layer surrounded by a yellow or dark brown covering, occurring 
in groups varying from two and three, to forty and fifty When they are 
numerous they are present in a rounded mass, either within the oocyst or in 
a tangled mass with a distinct capsule on the gut wall (Plate IX, fig 3) The 
latter he terms the ‘ residual body ’ which he thinks represents an involution 
form in the development of the malaria parasites He disagrees with Ross m 
the claim that these bodies may be parasitic fungi or are of the nature of the 
true spores Grassi assigns several reasons for his contention, citing multiple 
unsuccessful experiments involving ingestion by human volunteers and attempts 
to infect larvie with black spores placed m the water in which they were reared 

Relative to the external conditions in nature favouring the production of the 
yellow brown bodies, Grassi supposes that the lovvenng of the temperature may 
possess an influence He has observ'ed that in all of the Auoplieles caught by 
him in nature, the infestation with these forms occurred only in winter 

Blancnard (1905) prefers to cal! the ‘black spores’ ‘browm bodies’ He 
intimates a specific origin associated with oocysts and a derivation from sporozoites 
He finds them only in matured oocysts m association with sporozoites and 
distributed in vanable numbei « from 20 to 50 m a somevv hat granular mass 

Blanchard associates the brown bodies with a regression or involution of 
certain elements in the specific organism of the infected mosquito He defines 
them as degenerative resting bodies and is m agreement with Grassi that the 
brown forms exist mainly in the hibernating mosqmto, being influenced in 
development by the low temperatures 

Celh (1904) discusses the ‘black spores’ of Ross and inclines to the belief 
that they are involution forms of sporozoites He denies that they are the 
resisting spores of the English workers or the residua of segmentation of the 
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Italian authors, \\ Inch they claimed might be perpetuated through hereditary 
transmission 

Stephens (1905) regards the brown spores as having nothing to do with 
the malaria parasites in the moscpiito, hut due to quite an independent infection 
by some other form of bacterial or protozoan life He finds them in cysts in 
which the sporozoites have disappeared, the brown bodies vary much in appear- 
ance, so It IS evident that the same organism is not always present 

Stephens stresses the importance of confirming the Italian w'orkers’ observ- 
ation that the brown spores ha\e been found only in cases fed on simple tertian 
parasites He quotes Gosio giving data in regard to monthly infections of 
A DiacithpODits in Tuscany The latter author submits information indicating 
that he regards the presence of browm spores m captured mosquitoes of import- 
ance equal to the presence of zygotes and sporozoites Gosio gives a parallel 
column of figures of dissected specimens found with browm spores m his table 
of monthly infections of A maciiltpenms 

Ruge (1903) observed ‘Ross’s spores’ on the stomach and salivary glands 
of Culcv pipieiis as S- or Comma-shaped, brownish yellow to blackish brown 
bodies They were found to be as long or longer than sporozoites and double 
in width (Plate IX, fig 7) Ruge distinguished ‘black spores’ and sporozoites 
in the same oocyst and agrees with the earlier suggestion of Ross that the darker 
bodies are developed from the normal insect sporozoites He submits additional 
proof of this relationship by interpreting certain bodies m the cysts appearing 
as yellow and brown coloured sporozoites as transitional forms between brown 
sporozoites and ‘ black spores ’ (Plate IX, fig 8) Ruge attempted to demonstrate 
the parasitic nature of these forms by artificial cultivation and animal inoculation 
with negative results 

Doflein (1911) refers to the ‘Ross spores' which were found only in 
infected mosquitoes These he considers to be associated with zygotes and 
sporozoites m a process of degeneration 

Prowazek (191?) states that Ruge encountered ‘black spores’ especially m 
mosquitoes fed on naturally infected sparrows He mentions that this worker 
kept these bodies in a solution for three months at room temperature and found 
them unchanged When the ‘ black spores ’ were maintained at body temperature, 
they were; observed to change m form from the typical S-shape to round bodies 
Prowazek cites the observations of Neumann in which he examined 2,573 
specimens of Stcgomyia mosquitoes and encountered two with ‘ black spores ’ 
Neumann is quoted as inclined to the view that the ‘ black spores ’ represent 
degenerated sporozoites, and the hypertrophied forms of ‘black spores’ arp 
distorted sporozoites, which do not exhibit motility 

Thomson and Woodcock (1922) consider that the ‘black or brown spores’ 
which invade the oocysts are undoubtedly malaria parasites, which have 
degenerated instead of normally completing their development They point out 
that as they degenerate, these oocytes may be invaded by other parasites of the 
mosquito, eg, the Microspondia 
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Stephens and Christophers (190S) record the finding of ‘black spores’ in 
or about the salivary glands of A tossi (sicbputus) They describe these spores 
as brownish-black, curved, sausage-shaped bodies suggesting a mycelial nature 
Similar observations show that some of the earlier workers vere very 
doubtful as to the connections of these bodies Their descriptions are very 
suggestive of the chitmization of long pieces of tracheal tubes Ross, Annett, 
and Austen (1900) repoit that although ‘black spoies' were frequently seen i. 
the African mosquito. Anopheles coslalis, they were ne\er detected within the 
capsule of the zrgote They often occurred mixed with what looked like 
segments of a fungus, within the sheaths of certain muscle fibres, and indeed 
appeared to hare no relation at all to the Plasmodium The evidence relating 
to the growth of ‘ black spores ’ indicated reproduction by fission in the manner 
of fission fungi The authors suggest that if the ' black spores ’ are indeed forms 
of the malaria parasite, the} mav enact a role of perpetuating the species through 
infection of the larva ‘ though it remains to be proved that they have any 
connection with the parasites of malaria ’ 

Castellani and Chalmers (1919) beliere the ‘black spores’ found m the 
oocysts on the stomach wall of mosquitoes to be protozoan in nature, defining 
them as hyper-parasites of the malaria organism belonging to the genus Nosema 
Flu (1920) discusses the occurrence of ‘black spores’ m the malaria cyst 
of human and avian sources giving prominence to Brug’s discovery of the presence 
of chitin in these organisms He indicates tint the invasion of the oocyst by 
‘ black spores ’ is the result of an over-production of chitm on the part of the 
insect 

Hindle (1914) states that the frequentl} expressed suggestion of other 
channels of infection, besides that of the mosquito, gave a distorted value to the 
presence' of ‘ black spores ’ within the parasitic cysts Black spores, he opines, 
are a species of Nosema attacking the mosquito independently of malarial 
infection 

Manson (1917) favoured the vnew of hyper-parasitism suggested by Sambon 
to explain the function of ‘ black spores ’ He stated that these bodies, which 
are known to be protozoal organisms belonging to the genus Nosema, prey on 
the malarial oocyst and destro} it just as they prey on the larvie of Filaria 
immitis encysted within the malpighian tubules of the mosquitoes which subserve 
their development 

This view has been altered in a later edition of Tropical Diseases by Manson- 
Bahr (1925) He points out that the ‘black spores’ and the Nosema are 
distinct, inasmuch as the latter is a microspondian peculiar to the mosquito, and 
the ‘ black spores ’ are the degenerated cell contents of oocysts w'hich have 
become chitmized 

Bentle} (1910) gives definite parasitic value to the presence of brown spore:> 
in his report of a malaria survey of Bombay He enumerates the number ot 
specimens ot Anophdes stcphensi exhibiting infected stomachs relative to their 
L MR 3 
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association with the presence of blown spores, giving the relative numbers found 
in the ycais 1909 and 1910 

Zieinann (1924) considers the black spores’ of Ross have a definite 
relationship with the malaria parasite and gives prominence to the views of 
Brug and Walch, emphasizing the chitimzation of the contents of the oocysts 
IMinchm (1912) describes the formation of ‘black spores ’ of Ross as 
degeneiation phenomena found m other protozoan forms in which the cyst^ 
degenerate and form masses of pigment He cites a parallel m Schaudinn’s 
observation of the degeneration m tiie oocysts of Cyclospota and accounts for 
the similai behaviour m Aina. ha and othei protozoa in depression periods due to 
unfavourable conditions Plere there is a tendency on the part of the organism 
to deposition of grams of fat oi other substances m the protoplasm 

I'le explains that m the ‘ depressed ’ state a great quantity of chromatin is 
extnided fiom the nuclei m the form of chromidia which degenerates into pigment 
In extreme cases, m the Actuiosp'/iavitim during a depression period, the proto- 
plasm; IS bereft of its nuclei and the protozoon changes m colour to a general 
brownish or darker tint This is also noted m Amoeba pioteus, where, due to 
degeneration of chromatin in the nucleus, a mass of brown pigment is formed, 
which may spiead through the whole cytoplasm giving it a brownish tinge 

Minchin states, that m connection with the invasion of the oocyst by black 
spores. It IS commonly observed that these degenerating protozoan organisms are 
subject to the attacks of parasites 

Hegner and Taliaferro (1924) give ‘black spores’ and the malaria oocysts 
equal protozoan rank, referring to the former definitely as parasites They write 
‘ The oocysts known as ‘ black spores ’ were for a long time supposed to be 
foimed as a result of low temperatures, but they apparently are oocysts parasitized 
by Microspondia of the genus Nosema ’ 

Wenyon (1926) relative to ‘black spores’ writes ‘Various suggestions 
have been made relative to the nature of these “ black spores ” That they are 
spores of a microsporidian cannot be entertained, as they do not bear any 
resemblance to these’ jThey are supposed by Wenyon to be probably the result 
of the death and degeneration of the oocyst contents at various stages of its 
development (Plate X, fig 9) He states that it is possible that chitinous 
material is deposited in them by the mosquito 

Brug (1916) kept Cnlex pipiens infected with Plasmodium p'rcecox for 15 to 
25 days finding one-fourth of them infested with ‘ black spores ’ In one instance 
a mosquito with 130 oocysts on its gut wall exhibited 102 of them with these black 
structures Tested by immersion in a solution of 10 per cent of potassium 
hydroxide at body temperature for periods of 1 to 60 days, he found that they 
bleached only slightly and were not dissolved Brug states that Ruge kept these 
bodies in salt solution for about 6 months and they remained unaltered 

Brug was the first to propose the term ‘ chitin corpuscles ’ for the various 
structures generally known as ‘ black spores ’ He interprets one of his illus- 
trations (Plate X, fig 12) as ‘ black spores ’ formed from the wrinkling of the 
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cyst wall which subsequently becomes chitmized Brug makes the analogy of 
parasitism with the occurrence of chitinized encapsulated microfilaria in the 
mosquito He points out that ectodeimal cells that are necessary for the forma- 
tion of chitin are found in the close proximity of the cyst m the form of the 
tracheie He says, ‘ I have not ascertained the intimate relationship of the 
tracheae to the oocyst ’ 

Bnig makes the unusual suggestion that the oocyst ruptures as the result of 
this chitinization of its contents, a process which he considers of a similar nature 
to the rupturing of the schizonts of the malaria parasites in the body of man 
during a paroxysm in a case of tertian or quartan fever 

The process of chitinization is said by Brug to occur at the following 
stages of development — 

1 Previous to the formation of sporozoites 

2 When the oocyst is full of sporozoites 

3 At a time when there are only a few' sporozoites in the cyst 

4 Wnen the so-called ‘rest bodies’ have formed, and later when the rest 

bodies have disintegrated 

He regards the strain of Plasmodium with which he worked as exceptional 
on account of the following — 

1 Its great pathogenicity for the canary birds, nearly all of which died at 
the height of the infection 

2 The extraordinary frequency of the formation of black spores in the 
parasitised mosquitoes Pie found fully one-fourth of the dissected mosquitoes 
possessing the ‘ chitin corpuscles ’ 

Brug considers it possible that there is here a specific correlation, the 
heightening of the virulence of the strain of bird malaria due to the presence of 
the chitin corpuscles in the mosquito and, vice versa, the increase in numbers of 
these chitin corpuscles in the mosquito in proportion to the severity of the 
malaria infection in the bird 

Walch (1922) explains that the name ‘black spores,’ except for its historical 
significance should be abandoned, the distinction of colour and relationship being 
only arbitrary He supports Brug in proposing to cliange the name of these 
bodies to ‘ chitin corpuscles ’ He confirms Grassi and Brug in finding these 
chitin bodies of colours varying from yellowish to black, jellow brown, and 
decidedly browm and black He found also that they were not constant in form 
and size, varying from spherical and S-shaped to banana-shaped, the last seeming 
to predominate (Plate IX, figs 5 and 6) 

Many of these chitin bodies w'ere observed by Walch m non-mfected as 
well as malana infected anophelines, finding them in the thorax as well as the 
gut and ovaries, and he agrees with Brug that the brown bodies of the mosquito 
represent parts of the oocysts transformed into chitm He thought the chitiniza- 
tion w'as comparable to the calcification taking place in human pathology and 
regards Fulleborn’s obsen'ation in finding a filarial lan'a surrounded by a 
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association with the presence of brown spores, giving the relative numbers found 
in tile yeais 1909 and 1910 

Zieinann (192 1) considers the * black spores’ of Ross have a definite 
relationship with the malaria paiasite and gives prominence to the views of 
Brug- and ^Valch, einphasuing the chitinization of the contents of the oocysts 
jMinchin (1912) desciibes the formation of ‘black spores’ of Ross as 
degeneiation phenomena found in other protozoan forms m which the cysts 
degenerate and form masses of pigment He cites a parallel m Schaudinn’s 
observation of the degeneration m the oocysts of Cyclospot a and accounts for 
the similar behavioui in Aiitcvlta and othei protozoa in depression periods due to 
unfavourable conditions Here there is a tendency on the part of the organism 
to deposition of grams of fat oi other substances m the protoplasm 

He explains that m the ‘ depressed ’ state a great quantity of chromatin is 
extruded from the nuclei m the form of chromidia which degenerates into pigment 
In extreme cases, m the Acttiiosp'/icei mm during a depression period, the proto- 
plasmi is bereft of its nuclei and the protozoon changes in colour to a general 
brownish or darker tint This is also noted in Amoeba proteiis, where, due to 
degeneration of chromatin m the nucleus, a mass of brown pigment is formed, 
which may spiead thiough the whole cytoplasm giving it a brownish tinge 

Mmchin states, that in connection with the invasion of the oocyst by black 
spores, it is commonly observed that these degenerating protozoan organisms are 
subject to the attacks of parasites 

Hegner and Taliaferro (1924) give ‘black spores’ and the malaria oocysts 
equal protozoan rank, referring to the former definitely as paiasites They write 
‘ The oocysts known as ‘ black spores ’ were for a long time supposed to be 
formed as a result of low temperatures, but they apparently are oocysts parasitized 
by Mtcrosporidta of the genus Nosema ’ 

Wenyon ( 1926) relative to ‘ black spores ’ writes ‘ Various suggestions 
have been made relative to the nature of these “ black spores ” That they are 
spores of a microsporidian cannot be entertained, as they do not bear any 
resemblance to these’ iThey are supposed by Wenyon to be probably the result 
of the death and degeneration of the oocyst contents at vanous stages of its 
development (Plate X, fig 9) Pie states that it is possible that chitinous 
material is deposited m them by the mosquito 

Brug (1916) kept Culex pipiens infected with Plasmodium p'rcecox for 15 to 
25 days finding one-fourth of them infested with ‘ black spores ’ In one instance 
a mosquito with 130 oocysts on its gut wall exhibited 102 of them with these black 
structures Tested by immersion in a solution of 10 per cent of potassium 
hydroxide at body temperature for periods of 1 to 60 days, he found that they 
bleached only slightly and were not dissolved Brug states that Ruge kept these 
bodies in salt solution for about 6 months and they remained unaltered 

Brug was the first to propose the term ‘ chitm corpuscles ’ for the various 
structures generally known as ‘black spores’ He interprets one of his illus- 
trations (Plate X, fig 12) as ‘ black spores ’ formed from the wrinkling of the 
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were found to remain unchanged m some of these solutions for a maximum of 
ten months Se\eral specimens resisted the action of caustic potash for as 
long as ten da 3 s 

A AIo) pliology and Classifii aiion 

I ha^e measured probably several thousands of the structures finding them 
quite uniform In thickness they are from 0 7 microns to 3 0 microns (the 
majority measine 2 5 microns) , and the lengths, roughly the same as many 
sporozoites of both human and avian t\pes of malaria, are within the liimts of 
7 0 microns and 16 0 microns In one instance the length was fully 20 microns 
but this IS exceptional 

The round bodies, the so-called ‘resting’ or ‘resistant’ bodies, lary consi- 
derably more, the dimensions of these I ha\e found to be about 5 microns to 
20 microns 

The Ross ‘ black spores ’ have been seen m individual forms, m broken lines 
end to end, m small clumps of distinct curved bodies, and m matted masses of 
hundreds resembling mycelial threads of a fungus 

These various forms ina^ be conveniently classified into the following 
types — 

Type 1 — Banana, cur\ed or sausage-shaped type 

This is the prevailing form, occurring principally m clumps of 15 to 20 {vidi, 
Plate XI, fig 13), and less frequently m isolated examples scattered through 
muscular or connects e tissue of the thorax and intestinal tract A rare form 
IS the S-shaped structure occurring singly or combined with the usual group of 
banana-shaped ‘black spores’ This ranetj appears as the extended banana form, 
apparently adapting itself to a bend of the tissue It is seen along the curved 
edge of the inidgut wall {vide Plate XII, fig 18) 

Type 2 — The round or disc-form type 

These are usually of larger diameter than the oval or curved forms They 
are described as generally Iming a clear centre and a dark penpher) They 
appear seldom in isolated form, but occur more commonly in a group of other 
structures giving the appearance upon close inspection of the longer forms in 
optical section 

Type 3 — ^The mass formation type 

These bodies, mainly of Type 1, inaj' occur in clumps, often m such numbers 
as to form large oval masses, penetrating the muscular tissue of the gut wall to 
an appreciable depth In that state the more deepl> situated bodies are often 
obscured and only the top superficial layer can be clearly distinguished {vuh 
Plate XI, fig 14) The former are, howecer, ot similar shape to 
those occurring on the surface, either in groups or singl} These masses, of as 
many as 100 or more individual forms, often occur m great numbers sometimes 
to the extent of 30 to 50 m ore specimen 

Type 4 — The linear tjqie 

This IS the form resembling strikinglv the imcelial branches of a fun-nis 
Its shape is generallv a long oval, occurring often m disconnected lines distributed 
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through the muscular tissue It is seen more commonly in the thorax 
These ‘ black spores ' may appear in single lines broken by interspersing tissue 

(vide {Plate XI, fig 15) or forked lines either on the gut wall or in the thoracic 
muscles 

B Regions of the Mosquito where ' Blauk Spores’ were observed 
The writer has observed in the ample material studied all the forms of 
black spores previously defined by him and described by the various workers 
in all the situations ascribed to them He concurs fully with the descriptions of 
form and structural details of the original * black spores ' of Ross and Daniels, 
appreciating in the fullest the logical modifications of the nomenclature of 
‘ brown bodies ' suggested by Grassi and ‘ clntin corpuscles ’ by Brug and Walch 
01 d these forms 111 the insects’ bodies in similar locations to those 
mentioned in the recorded observations They include the following — 

I In or on the oocyst, singly and in masses, both before and after 
sporozoites were formed 

II On the gut wall independent of oocysts, on the hind-gut more rarely 
than the nndgut 

III On the ovaries, in vaiious stages of development except on the fully 

formed egg 

IV Within muscle tissue of the torn dissected thorax 
V In or near the salivary glands 

The following data are given to show the distribution m the insect’s body 
of these chitin depositions Here account is taken only of the appearance of 
these bodies m one or more clumps, single isolated forms are not included 

Tabi,P I 


The number of mosquitoes with 'black spores’ and their location in the insect 


Position 

Number of specimens 
observed 

On or in oocysts 

8 

Gut wall 

25 

Thorax tissue i 

8 

Salivary glands 

6 

Glands and muscle m proximity 

4 

Ovaries 

8 

Lines of black forms along trachea 

7 

Totai, 

66 


Some of the apparently unusual places one finds them are on the wall of 
the oesophagus (rarely), the hind-gut (more often), and on the salivary glands 
(quite commonly) Mention has already been made of their occurrence on the 
ovaries and in the muscle fibies of the thorax I have never encountered the 
bodies on the malpighian tubules, although it may be interesting in this connec- 
tion to note that on two occasions sporozoties were observed moving actively 
within the cells of the malpighian tubules of infected Cidei fatigans 
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It may be pointed out that the occurrence o£ these chitmized bodies on the 
ovaries also argues against any relationship to the malaria parasite, because 
sporozoites have never been found within the ovanes 

Another interesting point should be mentioned , I have found that although 
' black spores ’ vary m size relative to each other, they do not adapt themselves 
to the size or stage of development of the invaded oocyst Small oocysts appear 
to have ‘ black spores ’ of the same size as developed ones , young oocysts, prior 
to the 5th day of incubation, have ‘ black spores ’ of the same size and kind as 
those on older oocysts with sporozoites 

C Influence of Malaria Patasites on the Presence of ‘Black Spores' i 

An effort was made in a parallel, controlled experiment to determine what 
influence the presence of malaria parasites exerts on the production of the bodies 
known as ' black spores ’ 

A sparrow, whose blood showed on repeated examinations the absence of 
plasmodia, was placed in a cage with about 180 specimens of laboratory-bi ed 
Culei fahgans The following mormng 126 engorged mosquitoes were removed, 
separated into lots of five or six m netted globes, and placed in the most favour- 
able conditions available in the laboratory 

Two hundred of the same strain of laboratory-bred C fatigans were 
allowed to feed the following evening upon two sparrows which had shown a 
heavy infection with Plasmodium prcecoi One hundred and thirty engorged 
mosquitoes were removed from the feeding-cage the next morning and subjected 
to the same conditions as the previous group After eight to tweh'e days the 
two lots were dissected and the results tabulated as follows — 


Table II 

Shotmug results of feeding C fatigans on infected and healthy sparrenvs 


Date 

Number of 

1 Number of 

Number of 1 

uninfected | Number w'lth 

Number with 

days after 

mosquitoes 

mosquitoes ' parasites and 
with ‘black ‘black spores’ 

parasites without 
’ black spores ' 

L. 


blood meal 

dissected 

i 

j 


spores ’ 


A Fed on 
healthy 
sparroivs 
August, 11 
13 

,, 14 

15 

B Fid on 
infected 
sparro-is 
August, 12 
13 

„ 14 

16 

Percentage of infected mosquitoes uith ‘black spores’ 
Percentage fed on health> bird with ‘black spores’ 
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SuiMMARY OP Tabu: II 

Of 126 specuiiens of bied Culex faiigans fed oa a sparrow, presumably 
free from malaria infection, 23 were found with ' black spores ’ after 8 to 12 
days 

Of 130 specimens of bred Culcx fatigans fed on two sparrows, whose blood 
showed a moderate number of gametocytes, 104 after an incubation of 8 to 12 
days exhibited numerous oocysts and sporozoites In this set 5 of the mosquitoes 
which proved free from infection developed ‘black spores,’ m addition to 12 
specimens which harboured malaria parasites 

In this single observation the presence of plasmodia in the mosquitoes 
appeared to have no specific influence on the production of ‘ black spores ’ In 
both trials, involving infected and uninfected mosquitoes, about 10 per cent 
showed the chitm bodies under parallel conditions 

Some evidence against any relationship of those bodies to malaria parasites 
IS olTered in the following data which may be ai^plied as a control in the experi- 
ments involving Culcx fatigans and avian plasmodia 

In an effort to determine the possibility of an anophelme mosquito acting 
as a host of bird malaria, experiments with Anopheles subpictiis resulted m the 
finding of eight specimens infected Both aitificial and natural cases of harbour- 
ing of plasmodia were observed Oocysts and sporozoites were found in the 
two series A preliminary account of these observations is reported elsewhere 
(Bruce Mayne, 1928) 

In these experiments 164 specimens of A snbpictUi and A cuUcifacics were 
dissected and examined In regard to the presence of malaria parasites and 
‘ black spores,’ the following were the findings recorded — 

Number of anophelines found to harbour bird malaria organisms 8 

Number of these found with ‘ black spores ’ 0 

Number of mosquitoes free of malaria organisms 156 

Number of specimens found with ‘ black spores ’ 4 

D Notes on the Occurrence of ‘Black Spates^ in the Absence of Malaria 

Infection 

A large amount of material was examined which was selected on account 
of Its freedom from any possible contact with malaria infection It comprised 
dissections of the following insects — 

1 Males of bred and wild Culev fatigans, Anopheles ciilicifacics and 
A subpictiis 

2 Females of Anopheles cnhcifacics and A subpictiis, bred specimens, 
which were not given an opportunity to obtain blood 

3 Non-blood- sucking forms, such as house flies and other muscids 

A lecord is submitted of the extent and form of the bodies identified as 
‘ black spores ’ as observed in the insects examined Doubtful forms are excluded 
m this category 
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/ Niunhcr of male mosquitoes showing ' black spores ’ 

(a) C fatigans one of 20 bred specimens examined 

One ‘ round ’ form (Type 2) upon the hind-gut involving the wall of a 
tracheal tube and plainly visible as part of the tube It appeared heavily chitmized, 
dark brown in colour in one of the larger tubes which at this point measured 
11 5 microns in thickness The round mass of chitin measured 10 microns 

(b) A suhpicius two of 34 wild specimens examined 

(i) On the anal segment an oval shaped chitmized body apparently 
continuous with a tracheal tube 

(u) Another specimen with a spherical mass (Type 3) measuring 45 
microns composed of many bodies forming a black aggregation on 
the wall of the oesophagus (about midway) It resembled 
strikingly the ‘ residual bodies ’ of Grassi 

(c) A snbptctus one of 22 bred specimens examined 

Dissected a few hours after emerging Two small clumps of brown ‘black 
spores’ of 2 and 3 bodies (Type 1) Also 2 masses of 9 each In addition a 
few scattered single light brown forms were noted 

(d) A cuUcifacies three of 48 bred specimens examined 

(i) Two examples of single forms on the gut wall One, lying in the 
tissue of the mid-gut wall, a typical dark }ellow curved form, 
measuring 7 microns long and microns in thickness Another, 
a brown form apparently broken from a tracheal tube on the gut 
wall (Both Type 1 ) 

(u) Two individual dark brown spores (Type 4) along the tracheal 
line m tlie muscle tissue of the thorax near the salivary glands 
They measured about 11 0 microns 

(m) A dumb-bell-shaped mass (Type 3) within the tissue m the anal 
region This was quite black and gave the appearance of the 
exposed ends of several small chitmized tracheal tubes In 
addition, on the mid-gut, a line of brown forms (T}pe 4) along 
a trachea resembling the chitmized structures referred to as 
‘ hyphomycete ’ by Walch (Plate IX, fig 4) 


II Numbe) of fi,niale mosquitoes shozoing ‘ black spot ts ' 

Anopheles culicifacies four of 25 bred (freshly emerged) specimens 

(0 Upon the ovaries, 2 brown structures (Type 1) connected with a 
tracheal tube, appeared as the usual chitmized ‘ black spores ’ 

On the malpighian tubules, one instance of round variety (Type 2) of 
‘ black spores,’ the so-called ‘ resting body ’ of Grassi 

(it) A mass of about IS chitmized S-forms (Tjpe I) alongside of the 
spernwtheca Two instances also of single spores along the trachete on the 
gut-w all 
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(m) Overlying a malpighian tubule, one instance of a brown body seen under 
1/12 inch oil immersion objective seemed to be wholly within the tracheal tube, 
length about 8 microns ’ 

In the thorax one tracheal tube piercing the muscle tissue containing four 
short lengths, 5 to 10 nncrons (Type 4), of chitinized light brown forms 

A group of 3 forms (Type 4) on the hind-gut, 8 to 10 microns long, 
of brown colour with obviously lighter centres, connected with a tracheal tube 
In addition 2 groups of 10 to IS dark brown forms (Type 1), and 3 isolated 
bodies, within the connective tissue of the anal segment beyond the rectal glands 


III Number of musetd flics found zmth 'black spores" 

House flies four of 43 specimens examined 

(i) Two females In one, a line of 3 black spores (Type 4) connected 
with tracheiE on the gut-wall In the other, several forms indistinguishable from 
'black spoies’ (Type 1) over the ovaries 

(u) Two males In the first, a mass of chitmized bodies connected with 
a large tracheal tube, seven in number (Type 1) They appear to be made up 
of smaller tracheal structures with chitin deposits The other, with two bodies 
suggesting ' black spores/ one on the rectal papillse, the second connected with 
a tracheal tube of the rectum 


E Th^ lNifi,u:eNCi: o^‘ Exi'ernai, Conditions 
( 1 ) Httimdity 

In attempting to determine the effect of external conditions on the appearance 
of ‘ black spores ’ in the insect, a large number of observations on the influence 
of low relative humidity were available and applicable to this study 

Specimens of Cider fatigans were subjected to a wide range of relative 
humidity from 40 to 100 per cent during the hot season of 1928 when temperature^ 
up to 96°F with a mean daily maximum of 86°F were recorded in the msectary 
In this connection bred specimens, used in testing the effect of various degrees 
of humidity on the life of the mosquito and the viability of the malaria parasites 
it harboured, were studied This material may be assessed as to the concomitant 
relation of humidity and the production of ‘ black spores ’ In the series under 
discussion 274 mosquitoes are considered, a total of 221 of these harboured 
oocysts of avian plasmodia, and in these infected specimens there were observed 
55 instances of ‘ black spores ’ In the 53 uninfected specimens there came to 
notice 11 examples of ‘ black spores/ the proportion being about equal to those 
m which oocysts were found 
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In the following table records are given of the association of humidity with 
the presence or absence of ‘ black spores ’ — 

Tabi,c III 


Relative humidity recorded 

Total number 
of mosquitoes 
exposed 

Number with 
‘ black, spores ’ 
present 

Number with 
‘ black spores ’ 
absent 

40 — 45 per cent 

27 

6 

1 

21 

40 — 50 „ „ 

53 

13 

40 

SO — 63 „ „ 

61 

15 

46 

70 — 85 „ „ 

91 

22 

69 

85 — 100 fj 

42 

10 

32 


Summary of TablS HI 

Variations in relative humidity appeared to have no influence on the produc- 
tion of ‘ black spores ’ in mosquitoes Approximately, 22 to 24 per cent of 
mosquitoes produced ‘ black spores ’ in each of the conditions of humidity to 
which they were exposed 

The specimens of Culex fatigans subjected to low relative humidity during 
the hot season were found to have a greater number of ‘ black spores ’ in masses 
than those kept at high relative humidity This was observable particularly in 
specimens which after being kept at a low humidity were not dissected until the 
mosquito was in an enfeebled state or immediately following its death 

(2) The Influence of Low Teinperatiue 
An opportunity was presented of testing the theory, discussed so frequently 
m the literature, that ‘ black spores ’ may be due to the ‘ involution ’ or ‘ regression ’ 
of oocysts under certain temperature conditions 
The material available was as follows — 

A large number of bred Culex fatigans were fed on sparrows infected with 
Plasnioduun prcccox during the period October 20th to 26th 

These mosquitoes were kept under similar conditions to the lot studied during 
the hot season Up to the tune of the completion of these observations, January 
30th, 1929, mosquitoes were dissected at intervals until a total of 90 had been 
examined Of this number 67 pioied to harbour parasites, the majority, oocysts 
and sporozoites at the same time 

A critical examination of this material showed that the black spores, so 
abundant preiiously, were almost entirely absent 

At this time experiments on the effects of lowered humidity were tried with 
non-infected anophelines, the control material of wdneh was kept under conditions 
similar to that of the specimens of Culex fatigans These consisted of 112 


m 


The Natiiie of 'Black Spo)es/ 

specimens exposed at tempeiaturcs of about 40“ to 60°F, and relative humidity, 
under aitificial conditions, vaiyinjj between 38 per cent and 65 per cent The 
contiol conditions piovidcd for tlie same tempeiatiire and humidities of 65 to 
92 pei cent Ihe species repiesented uere Anophclci ctihcifacws, A subpictus 
and A ftilujuionn It was mteiesting' to note that only a single specimen of 
these exhibited bodies lescmbling black spoie'> (Type 1) It should be mentioned 
that duimg tlie hot season, tlicse toims had been obscived in several specimens 
of the species of anophelmes used m these experiments 

Relative to the infected C fttlujans of this senes, a special point was made 
of examining carefully the con/ents of every oocyst encountered in the infected 
mosquitoes in older that one might detect any evidence of ‘black spores’ of 
such a form that they could be inteipicted as due to steps m a process of 
regiession or involution of the oocyst Such forms were not observed either in 
the hundreds of developing oocysts or m the discharged cysts represented by 
then capsules Theie would have been ample time for development of such forms 
m these mosquitoes which weie kept undei observation up to 90 days of infection 
through the cold season 

Only twelve specimens of this entire series exhibited bodies lesemblmg ‘black 
spores’ The forms piesent wcie individual lound bodies (Type 2) of a light 
brown coloui scattered on. the gut-wall to the maximum number of eight m any 
specimen In addition eight mosquitoes weie observed with a few isolated S- or 
oval-shaped forms (Type 1) connected with tracheal tubes on the gut-wall No 
example of a mass of ‘ black spores ’ was observed 

(3) Effect of lujiuy 

It was suggested by klajor J A Smton that the formation of ‘ black spores ’ 
in the mosquito might be influenced by some mechanical or traumatic injury 
This idea gained credence m observing a speamen of Anopheles siibpictiis 
emerging fiom a pupa kept m a bieedmg-jar This specimen appeared damaged 
directly after its emeigence It was dissected the following day, when on its 
gut-wall were seen several single banana- formed ‘ black spores ’ 

The effect of external injury was tried with 38 specimens of wild and bred 
Cule\ fafigans by shaking violently the glass jars holding the experimental 
specimens for a few minutes each day for a peiiod of two weeks Although the 
mosquitoes did not live as long as other specimens not disturbed by jairing, they 
gave no evidence of greater susceptibility to the production of ‘ black spores ’ 

The suggestion that the blackening and hardening of the tracheal tubes in 
the process of chitui deposition may be due to mechanical obstruction, injury or 
other external agency is confirmed in a parallel instance among the honey-bees 
of temperate climes 

BuUamore (1922) mentions the discovery of a mite m the trachecC of honey- 
bees causing a pathological condition of which the blackening and hardening of 
the tracheal tubes was a marked accompaniment 
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Fulleborn, quoted by Briig (1916), has suggested tint the chituuzation leading 
to deposition of ‘ black spores ’ is quite analogous to the presence of cliitinized or 
calcified filarial larvre m the thorax of the mosquito host (This analog}' is 
pertinent only if one accepts the view tint ‘ black spores ’ are parasites ) I 
prefer to accept the analog}' to the calcification, particularly that of the respiratory 
tract, taking place m human pathology mentioned in a general way by Walch 
(1922) 


IV The Tracheve Origin of ‘ Beack Spores"’ 

As the work recorded in this paper points to the chitmization represented m 
the ‘ black spores ’ being definiteh as-^ociated u ith the tracheae, it is necessary to 
gne a brief summary of the histolog} of the latter structures 

A Anatom\ and Histolog} ot the Tracheal S}stem 
Sharp ( 1910 ) rentes ‘ The structure of the tracheie is leinarkable The} are 
elastic and consist of an outer cellular and an innei chitinoiis layer, this latter is 
strengthened by a peculiar spiral fibre which gnes the tubes a transversely closel} 
striated appearance The spiral fibre is absent m the fine capillar} twigs of the 
tracheal system The mode of termination of the capillary branches is not clear 
It is supposed that they terminate b} penetrating "cells or that they simpl} come 
to an end wuth eithei open or closed extremities 

All the organs are abundantl} supplied with a capillary tracheal network or 
arborescent ramification and in some cases the tubes enter the substance of tissues 
near their termination ’ 

Packard (1909) states, that the distribution of the air tubes depends upon 
the shape of the organs, varying in size accordingly The tubes ramify m all 
directions around the large hollow organs such as the digestue canal, forking 
so that the branches duerge at a wide angle Around the organs of more 
elongated form, the tracheae run more longitudinally, as is shown by the air 
tubes of the muscles Here a short thick trunk arrives at the muscular bundle 
and, dividing very rapidly, breaks up into a large number of delicate tubes, which 
penetrate betw'een the muscular fibres, terminating in tubes of exceeding fineness 
forming w'hat appears like an interlacing netw'ork 

iliall and Denny (1866) refer to the tracheal system of insects m general, 
stating that the first stages of development is noted in the tracheal ramifications, 
which are not formed by a process of direct invagination but b} the separation 
of chitinogenous cells, which cohere into strings followed by irregular tubules 
The cells are found to secrete a chitinous lining, afterwards losing their distinct 
contour fusing to a continuous tissue At the time of moulting, the chitinous 
lining of the tracheal tubes is cast The chemical stability of cliitin is ‘ so 
remarkable that we might well expect it to accumulate like the inorganic consti- 
tuents of animal skeleton and form permanent deposits ’ It changes slowly 
under the action of water, keeping for a vear m this medium Thq colounng 
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matter of the chitm is amber-yellow in thin sheets and blackish-brown in dense 
masses 

Folsom (1923) writing of the structure of the air tubes states, ‘the chitinous 
lining or intima is thickened at regular inteivals to foiin thread-like ridges which 
course around the mnei circumfeience m essentially a spiral manner, though the 
continuity of the spiral thread is fiequently interrupted 

Lowne (1895) gives the measurement of the tubes of the largest tracheal 
trunks as l/400th of an inch in diameter (60 to SO microns) In the smaller 
trachece, the tubes end in capillary \cssels from 2 to 3 microns wide 

Patton and Ciagg (1913) write relative to the trachere of the mosquito, that 
they represent invaginations of the ectodernr, and as such are lined from the 
spiracle to the final divisions with chitin, which is continuous with the exo- 
skeleton The surface, which is in contact with the body contents, is lined by a 
layer of celU which is continuous with the hypodermis or chitmogenous Ia}er of 
the exoskeleton The internal lamina consists of a very thin but an uninterrupted 
la}er of chitin, but in all except the most minute trachea this is modified to 
form the well known spiral thread The intervals between the turns of the 
thread are filled in by a very thin layer of chitin 

The outer or hypodermal lamina of the tracheal wall, which is in contact 
with the internal organs, is veiy thin, ‘continuing to form a sort of peritoneum 
within wdnch the internal organs are contained ’ 

B The Connection of ‘ Black Spores ' with the Trachese 

Strong evidence of the tracheal origin of the chitin bodies was noted in 
many mosquitoes, m both infected and uninfected specimens of at least three 
different species In many individuals the tiacheae appeared as prominent tangled 
masses, in isolated groups of dark or light brown masses of rather definite 
shapes and sizes in muscular and epithelial tissue 

In the specimens studied in India one sees occasionally, within the oocyst 
particularly, disc-hke bodies in the place of the banana-shaped forms of the 
usual type of ‘ black spores ’ These are thickened hollow ring-like bodies of the 
same chitmous structure as the others Several observers have noted and 
described these forms, laying stiess on a connection, more or less obscured, with 
the development of the sporogomc cycle of the malaria parasite 

I consider it logical to interpret these chitmous rings as broken-off portions 
of these branched trachete remaining on the site where there occurs a capsule 
of a niptured oocyst When present in uninfected mosquitoes, they appear like 
cross sections of chitinized deposits in the tracheal tubes More rarely they occur 
as double disc-like forms , and in several instances I have seen revealed the spiral 
tracheal connections Groups of four to six of these dark rings were observed 
on the gut-wall and single ones especially during the season of low temperatures 

One may fairly make a general statement that the ‘ black spores ’ are found 
usually associated with the tracheal system regardless of the presence or absence 
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of oocysts and sporozoites They ha've been observed to be predominant where 
the tracheal tubes are most numerous 

Specific instances of tracheal association, selected from a large number 
observed, are given in detail m the following notes — 


In ‘ AnophelCs subpictus ' 

Specimen No 241 — A. female specimen showed several masses of ‘ black 
spores’ which uere obsen'ed under the 1/12 inch oil immersion lens and high 
power ocular One of these ‘ spores ‘ had a torn end which revealed the tubular 
interior as well as the spiral envelope 

Specimen No S9 — There were discerned on the gut-wall 3 masses of ‘black 
spores ’ of the usual S- and banana-torms One of these clumps covered an 
area of 175 microns by 60 microns, bound up in a jumble of tracheae like a nest 
or the cocoon of a flea Among these tracheae, when viewed by critical illumina- 
tion, were seen chitmous thickenings constituting typical ‘ black spores ’ 

Specimen No 2-16 — A female sitbpicfiis caught m nature was kept for two 
days while it was fed on the juice of raisins and water The gut, when dis- 
sected, showed trachete along the edge of the gut-wall which gaie the appear- 
ance illustrated m the camera lucida drawing in Plate XII, fig 18 There were 
two ‘black spores’ (Type 1) continuous w'lth a tracheal tube One of these 
w'as much smaller than the usual sort encountered, and appeared m a part of the 
trachea, w'here the ttenidia could not be distinguished, a short distance from a 
branching tracheole The other chitm-body was quite typical in structure and 
shape, and w^as under than the trachea in w'hich it originated The trachea at 
this site measured 2 5 microns m thickness and w'as completely replaced by the 
black S-shaped chitm-body which was about 20 microns in length This specimen 
was examined in a fresh state by several of my colleagues who admitted fully 
the tracheal relationships as shown m the figure 

Speennen No 252 — I^Iale stibpicitis newly emerged in laboratory Embedded 
in the wall of the anterior part of the mid-gut could be easily discerned two 
masses of ‘black spores ’ (Type 1), one quite black, wnthin the connectne tissue, 
the other on the surface not embedded m the tissue The latter appeared of 
smaller size Three of the dark bodies of the first-mentioned groups were 
somewhat isolated and their spiral envelopes could be made out 


In ‘ Cueen evtigans’ 

Specimen No 255 — ^A mosquito in advanced stage of infection, harbouring 
sporozoites On the gut- wall there were 5 oocyst capsules One well- formed 
capsule contained 7 ‘black spores ’ (Type 4) in two lines along the edge of the 
oocyst In these bodies the hollow intenor and spiral markings of the transformed 
trachea could be made out. 
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Speiinicn A^o 29 This is one of se\eial specimens in which the ‘black 
spores arc found 111 stiaiglit ot broken lines 111 the thoracic muscles (Type 4'i 
Here tlicic appeared one straijjht line of these bodies and several shorter ones 
suggestniij segments of trachere cnihedded in the tissue (rrr Plate XI, fig 15) 
hour of the dark foinis, when viewed with 1/12 inch oil immersion lens, 
showed quite plainly their tubulai interior and vestiges of the transparent spiral 
taenidia appaiently surrouiidnig the black body 

Speciiiicn A^o 93 — PTcre there was a dischaiged oocyst with a mass of black 
spores composed of 15 to 20 pieces (Type 3) They were quite jet black though 
the tubular stiucture could be readily'- discerned when viewed with a bright light 
Specimen No 76 — On this specimen there was seen embedded in the 
muscular tissue of the thorax two lines of single black spores numbering 22 
They weie quite typical 111 form and colour They’- measured 12 to 15 microns 
in length and 2 to 2 5 microns in thickness 

In addition a single clump of 9 spores (Type 4) was seen situated m the 
muscle fibres close to a large tiachea (similar to that in Plate XI, fig 16) 

Specimen No 194 — This was a heavily' infected specimen with numerous 
oocysts A few of these contained small clumps of chitmized bodies (Type 1) 
either on the capsule or apparently directly beneath the parasite covering On 
the muscular gut- wall the tiacheal system gave a decided impression of concen- 
tration m the region where theie were observed 12 quite typical black spores 
(Type 1) On close inspection, intimate connection with the tracheal tubes was 
suggested in the instance of all 12 bodies The mass of tangled tracheje (Plate 
XII, fig 17) seemed to have been torn fiom its fastening during the traction 
exerted in the dissection process, and some of the black spores did not show any 
contact with the gut-tissue These twelve ‘ black spores ’ had dimensions almost 
equal to those of twelve similar forms seen lying on oocysts in the same specimen 
The latter bodies averaged 10 5 microns X 2 micions and the average size of the 
former was 110 micions X 2 3 microns In both sets the colour was black by 
reflected light and dark yellow or light brown when viewed by transmitted 
(electric) light 

A very striking example of tracheal connections exhibited by ‘ black spores ' 
was observed on the gut- wall of a specimen of Cule\ fatigans This mosquito 
was found to harbour oocyst capsules and gland sporozoites A single body 
recognizable as a typical ‘black spoie’ of the usual dark brown variety (Type 1) 
was observed at first apparently isolated alongside of a tracheal tube This latter 
was broken into six islands of light yellow chitinous particles of the same form,' 
but slightly larger than the ‘black spore’ which was nearly touching it The 
interrupted spiral wrapping of the tracheal tube, resembling the torn insulation of 
an old electric light wire, could be traced quite easily This was also found to 
connect with a fork which ran in the direction of the ‘black spore’ but was 
apparently separated by a distance of 250 microns, but by careful focussing the 
waxy-like tracheal continuation was seen to connect with the ‘ black spore ’ forming 
an intermittent line for a considerable distance on the surface of the gut-wall 
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V Discussion \nd Sumai\ry 

The points in favour of a tracheal origin of most, if not all, the bodies known 
as ‘ black spores ’ are — 

(a) The first thing that strikes one m examining a mass of ‘ black spores ’ 
is its resemblance to a snarl of tracheae Isolated spores are very similar m shape 
and size to small portions of tracheae containing air The continuity of the spiral 
thread is seen to be repeatedly obscured, when chitin depositions occur as ‘black 
spores’ (vide Plate XI, fig 15) 

(&) Connections wnth tracheae ha\e been traced entering and leaving these 
bodies This is very evident m isolated specimens, such as that depicted in 
Plate XI, fig 13 As has been pointed out by Sharp (1910), all the organs are 
abundantly supplied with a capillary tracheal network and in some cases the 
tubes enter the substance of the tissues near their termination This has an 
obvious bearing m accounting for the presence of chitimzed tracheie embedded 
in the capsules of gut oocysts It w'ould explain the presence of isolated frag- 
ments of tracheal material in the muscular tissue of the mosquito’s thorax 

(c) These bodies have been treated wuth caustic potash for varying periods 
of 10 to 96 hours, and, as already mentioned by Brug, Walch and Daniels, this 
chemical seems to have no soKent action on them Indeed, they have not altered 
m form and colour w^hen kept in a mounting medium of varying strengths of 
formaldehyde solution for fully ten months, although the tracheal relations, 
evident in fresh specimens, have become difficult or impossible to trace in such 
specimens In this connection Miall and Denny (1866) have indicated the 
great chemical stability of the chitmous lining of the tracheal tubes They found, 
as previously mentioned, that the substance lesisted tbe action of water for fully 
a }ear 

This peculiarity gi\es strong support to the view that these bodies are 
chitmous (eg, ‘ chitin corpuscles’ of Brug) One knows that true chitin is 
mainly, if not entirely, of ectodeimal origin and, if one considers the develop- 
ment of the internal structures of the mosquito, the only ectodermal tissue present 
are the tracheie This fact supports the view that such chitmous bodies could 
only be formed by the chitmogenous cells that are present in the tracheal walls 

(d) In certain specimens a definite lumen appears to be present inside the 
spores, continuous with, but narrow^er than, the lumen of the tracliere from w'hich 
the body appeared to be dern ed The thickness of the ‘ black spores ’ averages 
2 5 microns, and one can readily see how similar this measure is to that of the 
smaller tracheae (vide Plate XII, fig IS) 

(c) In many specimens the ‘ black spores ' appear to be slightly thicker 
than the tracheie from which they are derived This one w'ould expect if the 
bodies are the result of an excessue production of chitin by the la^er of chitino- 
genous cells 

if) The varying grades of intensity of colour from 3 ellow to black seem 
to be dependent upon the thickness of the chitm which has been laid down, for, 

J , MR Q 
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ns nientioneci iii the dc'iciiption of the Iii">to!ogy of the trachen?, the chitin as seen 
in thin layers is yellow’’ while tliicker layers are darker and may be quite black 
In some specimens aieas of distinct pale yellow chitin could be made out along 
an appaiently noimal tiacheal tube, which may represent a very early stage of 
the black spores These thin sheets of amber yellow aie probably the consti- 
tuents of the chitini/cd spoio/oites’ leferred to by Ruge, who has described 
tiansitional forms bctw’ecn ‘black spores' and browm spoiozoites in the oocyst 

(o') Certain appeal ances have been seen suggesting that some of the ‘black 
spores might be piesent as actual solid bodies within the lumen of the tracheae, 
but no definite evidence could be obtained to confirm this, and from the normal 
histolog)’’ of the trachea, one w’ould not expect solid chitmogenous masses to 
occur free in this position, although one could understand a thickening of the 
wall sufficient to cause an apparent occlusion of the lumen of the tube Indeed, 
in some cases ‘ black spores ’ w^ere seen in wdiich although a continuity of the 
lumen of the tracheal tube could be seen, it appeared to be definitely constricted 
by the thickness of the tracheal w’all The exact position of such apparently 
intra-tracheal bodies could only be definitely settled by sections, but unfortunately 
this was not done 

In one example of C fatigans, where oocysts were also present, there was 
noticed a concentration of clear tracheal threads on the surface of the gut-wall 
wuth, here and there, individual ‘ black spores ’ apparently superimposed These 
dark bodies, w hen view ed under high power, seemed to he wuthin the spiral thread 
of the tracheal tube 

Although the present writer has no desire to magnify the importance of the 
problem of the ‘ black spores,' he wishes to indicate that it is unwise to minimize 
the importance of a knowledge of the true nature of these structures He wishes 
merely to revive an interest in bodies which were regarded by vaiious authors 
as of almost equal significance to oocysts or sporozoites in indicating malarial 
infection in the mosquito An examination of the copious literature makes one 
realize that an investigation is opportune in order to correct the accumulation of 
mis-statements concerning the significance of these structures As Hindle (1914) 
has clearly set forth, the frequently expressed suggestion of other channels ol 
infection, besides that of the mosquito bite, gave a distorted value to the presence 
of ‘ black spores ' within the parasitic cysts 

One of the practical points to consider, in regarding the ‘ black spores ’ of 
Ross as specific entities, is to gnaid against applying their presence as a test of any 
pathogenic relationship to inalaiia, especially in the absence of parasites 

An effort has been made m this paper to indicate the error of associating 
‘ black spores ’ with malana parasites and mfectivity Rather, I have attempted 
to show that these bodies occur both in infected and uninfected mosquitoes, that 
they are not always found m oocysts or in company with sporozoites , that they 
are not either involution or developmental forms of the malaria parasite Their 
chitmous nature provides an explanation for their colour and consistency, then 
tracheal origin for their form and size One is impressed by the general 
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uniformity of thickness of the tubular ‘black spores/ coincidentally the majority 
of them are just double the thickness of sporozoites This is explained by the 
follo\Ying facts — These bodies are formed usually in the terminal tubes of the 
tracheie at the juncture where they finally anastomose into the tracheoles, but 
at a point where the tracheae still retain their spiral taenidia It was observed that 
the tracheae at this location measure from 2 to 3 microns, and the ‘ black spores/ 
whether connected with tracheae oi without any obvious connection, measure on 
the average 2 5 microns 

It 'S interesting to note that the idea of association of ‘ black spores ' with 
tracheal dcjiositions in the mosquito is not entirely an innovation And I am 
glad to waive the distinction of priority in the discovery of the nature of these 
chitin-bodies Following the studies and general conclusions drawn, the writei 
was fortunate in obtaining a copy of Walch’s original paper on ‘ black spores ’ 
This pape’" of Walch (1922) contained the report of the discussion on it by 
members attending the 4th Congress of the Far Eastern Association of Tropical 
Medicine This section of the original paper was published in English and 
contains some verv pertinent and significant references to the nature of the 
‘ black spores ’ of Ross 

In the discussion Dr Schuurmans Stekhoven remarked, that he was im- 
pressed by a photomicrograph exhibited by Dr Walch m which the banana-Iike 
‘black spores’ were shown in the neighbourhood of the tracheae and in or upon 
the walls of the tracheal system The illustration suggested to him ‘ that these 
black corpuscles grew in connection with the trachean layer ’ The interrogator 
inquired if Walch had found ‘other accidental black formations in other places 
in the body of the mosquito ’ w'here these corpuscles may have originated in 
response to a stimulus influencing chitin-forming cells on the part of the para- 
sites ’ In answ'er to Dr Schuurmans Stekhoven, Walch is quoted as sajing 
‘ I had already read in the publication of Brug that he thought it possible that 
the tracheae should be of some importance to the formation of chitin in cysts 
Theiefore, I have studied this point closelv, but I cannot say I saw more trachea, 
in the neighbourhood of c^sts which contained clntm than in those that involuted 
in the ordinary manner ’ 

The writer desires to draiv attention to a misconception of views as regards 
‘ black spores ’ and a theory entertained bj many writers on malaria parasitology 
It IS the oft-repeated explanation of hyper-parasitism to account for the invasion 
of the malaria oocjst by other parasites to render the function of the malana 
parasite impotent In nearh e\ery reference where this delectable h 3 pothes!S 
IS mentioned there appears a decided confusion between the conventional 'black 
Spores ’ of Ross and the microspondiau of the genus N'o:>cma, which may possibly 
prey on the oocvst of the mosquito and destroy it In this connection the 
similarity of these bodies has been ably controverted by Wenyon (1926) w'ho 
succinctly points out ‘That the ‘black spores” are spores of a microsporidian 
cannot be entertained, as they do not bear any resemblance to these’ 
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Manson-Bahr (1925) indicates that tiie ‘blade spores’ of Ross and Nosema 
are distinct inasnuich as the lattci is a miciosporidian, which may occur in the 
mosquito nicspectue of the malaria paiasite These interpretations are 
undoubtedl}' coirect and should, I think, he universally adopted 

C0NCr,USI0NS 

The evidence brought forwaid in this paper lead to the following 
conclusions — 

(fl) The ‘black spoies’ originally described by Ross are not parasites nor 
are they any stage in the development of the malaria parasite in the mosquito 

(b) The hypothesis of Giassi and other workers that these bodies are 
concerned with ‘ regression or involution ’ processes of the oocyst is not con- 
firmed, nor that lowered tempeiatnres favour the production of these bodies 

(c) The ‘black spores’ have been found dm mg experiments with avian 
malaria m uninfected mosquitoes as well as m mosquitoes harbouring the para- 
sites of malaria 

(d) In addition, the ‘black spores’ have been observed in the following 
insects, undeniably unassociated with malaria — 

(1) In freshly-emerged, unfed, laboratoiy-bred females and males of 

Anopheles and Cnlev 

(2) In house-flies, Musca sp 

(e) The ‘black spores ’ have been found to react to the test for chitin 

(/) Most, if not all, ‘black spoies’ appear to be chitmogenous thickenings 
of tracheal tubes This conclusion forms a rational and simple explanation of 
the nature and distribution of the various types of the bodies described 
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* James (1928) demonstrates the presence of the brown sausage-shaped bodies scattered 
through the thorax and salivary glands and the gut-wall in 78 infected specimens of 
^1 maculipcnnis out of 2,300 dissected These ‘black spores’ were observed invariably m the 
presence of zygotes or sporozoites James tabulates the monthly distnbution of the occurrence 
of these bodies through the years 1925, 1926, and 1927 He indicates clearly the direct 
relationship to malaria parasites inasmuch as the ‘spores’ were never found in the absence of 
parasites of human malaria nor during the period when these forms were undergoing 
development m the mosquito up to the 7th day 





Expi:^a.nl\tion op Plate IX 

Fig 1 Copied from Ross (1923) 'Memoirs/ page 115 (Plate H, fig 38) 
The capsule of an empty zygote containing ‘ black spores ’ This is an 
unretouched photograph of Ross’s sketch showing 9 or 10 dark 
tubular forms of the size of thickened sporozoites resting upon the 
empty capsule of a malaria oocyst These structures are strikingly 
similar to tracheae Two are shown with tasmdia-like lines within 
dark-lined tubular forms, one appears as a continuous unjomted 
tube with a black core runmng throughout its length, and an indivi- 
dual rounded body may be interpreted as the visible end of a 
chitmized tracheal tube 

„ 2 Copied X 9/10 from Grassi (1901) (Fig 22 and 23) 

Brown bodies found unattached m the coelomic cavity of an anophelme 
mosquito infected 13 days Mounted m glycerine formalin solution 
These bodies are regarded by me as fragments of the trachese 
detached in the process of dissection 

„ 3 Copied from Grassi (1901) (Fig 20) 

Capsule of an oocyst of Plasmodium falcipanim (lltli day of incuba- 
tion) containing typical ‘ brown bodies ’ 

In the unretouched copy of Grassi ’s illustration are 19 more or less 
banana-shaped structures, distinctly with hollow or lighter interiors 
In some of these forms one can detect spiral lines very suggestive 
of portions of tracheal tubes The two round bodies may be cross 
sections of exposed ends of tracheae which have penetrated the 
oocyst 

„ 4 Copied X 2 from Walch (1922) (Pig 14) He considers this the 
complete enveloping of a hyphomycete in a heavy chitmous cover- 
ing on the mosquito’s gut The separated forms he refers to as 
chitmized mycelium These forms are discussed m this connection 
because Walch regarded the general condition of chitinization in a 
parasite as a reaction to a defence against invasion of a foreign 
body, such as that of the malaria organism m the mosquito 
I have observed quite a similar appearance in a bifid branched tracheal 
tube having a transparent envelope formed about a dense chitmous 
interior 

Figs 5 and 6 Copied X 2 from Walch (1922) (Figs S and 9) Brown curved 
bodies found in the region of the salivary gland and of oocyst on 
gut The general tendency to burrow into the soft tissue is here 
illustrated These toinis were tested by" Walch who found them 
to be mainly chitmous 

Fig 7 Copied X 2 trom Ruge (1903) (Fig 14) 

A mass ot ‘Ross’s spores’ on the gut-wall of Ciilci pipicns supposed 
to be developed from sporozoites Ruge defines these as S- or 
comma-shaped, yellow to dark brown, and as long as or longer than 
sporozoites, being double m width 

„ 8 Copied X 2 trom Ruge (1903) (Fig 13 X 500) These were found 
on the gut-wall ot an infected Culcx pipieits regarded by the autho'- 
as transition forms between brown sporozoites and Ross’s ‘black 
spores ’ 

They are distinctively tubular and very suggestive of sections of torn 
trachea 
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Eig 9 Copied X 1-j from Wenyon (1926) (X 1,000) No 1— oocygt and 
‘black spores’ in A macithpennis infected with Plasmodium vwax 
Preparation of Col S P James 

No 2 — isolated ‘ black spores ’ from an anopheline S P J preparation 
No 3 — ‘black spoies’ from a Macedonian mosquito infected with 
P falcipaiitm (Col C M Wenyon’s preparation ) 

The general tubular structure m most of the forms shown is note- 
worthy Their affinity to tracheal tubes is quite suggestive They 
are said to be probably the result of the death and degeneration of 
the oocyst contents, the mosquito depositing chitinous material in 
them 

„ 10 Copied X 2, Ross (1905) original leference to ‘black spores’ from 

Jouiital R A M C (1905), p 732 (Fig 20) Desciibed as a 
zygote of the 6th day and later The five forms m the sketch are 
interpieted as ‘black spoies’ The hollow tubular-like structure is 
quite distinct, their lesemblance to stianded portions of tracheal 
tubes IS suggestive 

„ 11 Photomicrograph (original) Portion of gut-wall of Ciilei fatigaiis 

A field of the tracheal system showing typical clumping Similar 
clumps commonly form masses of ‘ black spores ’ 

„ 12 Copied (enlaiged) from Brug (1916) Thought to be an aggrega- 
tion of ‘black spoies’ formed from the wimklmg of the cyst-wall 
of an oocyst and subsequently becoming chitiinzed The 
resemblance to tracheje is very striking 
„ 12a A group of ‘ black spores ’ ‘ chitin corpuscles ’ on the gut-wall of a 

Ciilcx pipieiis infected with Plasmodium picscov 
At (i>) an association of the chitmized structures with the tracheae is 
indicated 
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Fig 13 Photomicrographs (original) mass of ‘ black spores ’ on gut-wall of 
Ciihi fatigaiis infected with avian plasmodia These bodies were 
found to measure actually the same length (10 microns to 12 5 
microns) as the sporozoites expressed from the same specimen of 
mosquito 

„ 14 Photomicrograph (original) Gut-wall of Culei fatigans lOtli day 
following mfectne bite Dissected specimen unstained, mounted 
in formalin There are t\vo free masses of chitin-bodies, a group 
of three m a half-grown oocyst and an oocyst m the segmenting 
stage measuring 30 microns On the capsule of the latter appears 
the broken end of a tracheal tube This was found to measure 
10 microns, the same as many of the ‘ black spores ’ shown in the 
two masses 

„ 15 Photomicrographs (original) 

Thoracic muscle close to salivary glands of Cule\ fatigans Here were 
found three lines of ‘ black spores ’ and those illustrated give one 
the impression that they resemble tlie forms which Walch specula- 
tnely regards as ‘migratory sporozoites which have undergone 
chitmization n hile wandering through the body-tissue ’ 

The ‘ black spores ’ fgure measured 10 to 15 microns 
„ 16 Photomicrograph (original) 

Thorax of Anofhdcs siibpictiis showing dark brown bodies in and near 
a large trachea Careful focussing revealed all but four of them 
surrounded by the tenidial envelope of tlie tracliea These ‘black 
spores ’ measured about 10 microns 
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Fig 17 Photomicrographs (oiiginal) A field on the giit-wall of a severely 
infected Ciilev fatigans shown m the same focus, the dorsal aspect 
In this view there are 12 typical ‘ black spores,’ six m the same 
focus, the remainder lost to view Those clearly shown appear in 
the mass of tangled tracheae which are apparently super-imposed 
They seem to have no direct connection with the gut-wall tissue, 
which in other regions is invaded by numerous oocysts, the capsules 
of which were \ti} prominent On the muscular gut-wall in this 
mosquito, the tracheal system appears unusually well supplied with 
tiacheal tubes which give the impression of concentration in the 
area selected for illustration 
„ IS Camera liiada dtawinq 

P'rom the gut- wall of an uninfected (wild) Anopheles siibpictus 
Specimen viewed by oil immersion objective and X 15 ocular There 
are shown several branched tracheal tubes merging into tracheoles 
with a small and a laige ‘black spore,’ their sizes limited by the 
varying diameter of the single tracheal tube in which apparently the 
chitin bodies were deposited In the tube of smallei calibre there were 
no ttenidia visible, whilst the deposition of the chitinous mass at 
the wider portion seemed to have obliterated the spiral markings of 
the trachea The larger ‘black spore,’ measuring 20 microns long 
by 2 3 microns m width, is typical m foim and appearance to the 
majonty of similar bodies observed in the course of these studies 
The preparation and the drawing of this specimen were both very 
kindly made by Dr I M Puii, m sc , phn 
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ThC associatioH of a persistent thymus with Kopp’s thymic asthma, thymic 
stndor and so-called thymic death is a subject which has been engaging attention 
during the last half century 

I shall only touch on the contioversy ranging between Friedleben and 
Platauf on the one hand and Kopp and his school on the other as to whether 
an enlarged thymus can cause a tracheo-stenosis and sudden death That there 
is some association between an enlaiged or a persistent thymus and sudden death 
IS a fact which I believe few would attempt to deny, but before attributing 
casual factors to the thymus in such conditions I would like to draw your atten- 
tion to certain interesting features that have come to my notice with sufficient 
persistence to deserve fuller investigation I refer to the presence of a persistent 
or enlarged thymus where death has been sudden, i e , in about 24 hours 

This assoaation of a persistent thymus with medico-legal deaths I shall 
show in the following series of cases though unfortunately the weight of the 
organ has not been recorded, since it was an accidental finding — 


No of P M 

Age 

Condition of 
til} mus 

Rapidity of 
death 

Cause of death 

[ Nature of 

j accident 

P M 2105 
29-5-27 

10 

Hyperplasia 

Feu hours 

Fracture skull 

Bus accident 

P M 2109 
7-6-27 

3S 

\ 

Persistence 

1 day 

Fracture femur 
! gangrene 

Do 

P M 2121 
29 6-27 

30 

[ Do 

Few hours 

Fracture skull 

Do 

P M 2126 
7-7-27 

33 

Do 

1 day i 

Gun-shot wound] 
abdomen i 

Gun-shot 

P M 2142 
23-7-27 

SO 

Do 

Few hours 

Afultiplc fracture 
nb 

Bus accident 

P M 2143 
24-7-27 

30 

Do 

Do 

Fracture skull | 

i 

Do 


♦Paper read beiore the Indian Science Congress, ^Madra^, 1929 
( 135 - ) 
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No of P M 

Age 



Cause of death 

Nature of 
accident 

P M 2171 
14-9-27 

SO 

Pcrsiitcnce 

1 day 

Ventricular 

h.emorrhage 

Bus accident 

P M 2179 
25-9-27 

30 

Do 

Few hours 

Post-operative 

shock 

Post-operative 

P M 2178 
23-9-27 

40 

No thymus 

12 days 

Compound frac- 
ture pneumonia 

Car accident 

P M 2188 
13-10-27 

25 

Persistence 

1 day 

Fracture skull 

Bus accident 

P AI 2195 
23-10-27 

12 

Hyperplasia 

Do 

Do 

Car accident 

P M 2194 
23-10-27 

2} 

Do 

Do 

Alultiple fracture 

Bus accident 

P M 2271 
28-2-28 

“ i 

Persistence 

r cw hours 

Do 

Do 

P 2272 

2-3-28 

25 

39 5 grammes 

Do 

Do 

Do 

P M 2273 
3-3-28 

20 

28 6 grammes 

Do 

Stab wound 

1 


P M 2275 
7-3-28 

30 

Hyperplasia 

1 day 

Fracture skull 

Bus accident 

P M 2276 
7-3-28 

54 

Persistence 

Do 

Do 

Do 

P M 2291 
24-3-28 

20 

Do 

Do 

Do 

Do 

P ]\I 2292 
25-3-28 

10 

Hyperplasia 

Do 



P AI 2295 
31-3-28 

30 

Persistence 

Do 

Alultiple fracture 

Bus accident 

P AI 2296 
1-4-28 

7 

Hjpcrplasia 

Do 

Alultiple injuries 


P AI 2304 
12-4-28 

17 

Persistence 

2 days 

Alultiple fracture 

Railway accident 

P AI 2313 
7-5-28 

22 

Do 

Few hours 

Stab wound 


P AI 2314 
7-5-28 

15 

Do 

1 day 

Rupture stomach 

Bus accident 

P AI 2319 
18-5-28 

23 

Do 

Do 

Corrosive poison- 
ing 


P AI 2339 
30-6-28 

70 

Do 

Do 

Fracture skull 

Bus accident 

P AI 2354 
31-7-28 

30 

Do 

Few hours 

Acute heart failure 
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From an analysis of the above table it will be at once apparent that the 
relation of the persistent thymus to sudden death seems independent of the cause 
of the death and seems to be more associated with rapidity of it The idea 
that emerges is that a persistent enlarged thymus is found in a large proportion 
of cases of sudden death whether the death is due to gun-shot wound, fractures 
of the skull 'from bus accidents, multiple fracture of the ribs, subdural hieinor- 
rhage, or chloroform ansesthesia 

The studies of Hammar and of Schridde indicate that the thymus is an 
organ which persists throughout life and that the term persistent thymus itself 
IS a misnomer The following table cited by Marine shows the variations in 
weight of the organ wath age as recorded by Hammar and Schridde — 


Age 

Weights of Thtmus in Grvmmfs 

Hammar 

Schridde 

New born 

13 

13 

1 — 5 years 

23 

17 

6 — 10 years 

26 

20 

11 — 15 jears | 

38 

25 

16 — 20 years 

26 

. 20 

21 — 25 jears 

25 

19 

26—35 jears 

20 

14 

36 — 15 jears 

16 

10 

-16 — 55 years 

13 

7 

56 — 65 jears 

16 

4 

66 — 75 jears 

6 

3 


Hammar’s figures have been blamed for including mild cases of status 
lymphaticus and not including pathologic iinolution and ha\e been taken as 
slightly high 

It lb obvious that with an organ of which the size and weight decrease so very 
much after adolescence cases of so-called persistent thjmus might come under 
one of two tjpes, le, cases m which the remnants of the organ have undergone 
Inperplasia just before death or some tune before death as a result of" some 
metabolic disorder or those cases m which tl v. organ persists m its orimnal 
adolescent stage 

It IS \er\ difficult to make out whether the aho\e cases are instances of 
reactne hjperiilasn or of a real persistence in an adolescent stage 

How arc we then to explain the presence of the enlarged thjanus in cases 
ot sudden death Major Fors^th, a preMous Professor ot Pathology m Madras, 






Posisfeiit Thymus. 

had himself remarked on the unusual association of these thymuses in medico- 
legal deaths He has offeied an ingenious explanation which is m consonance 
with the view of thymic death He believed that persons with an enlarged 
thymus were not brisk enough to defend themselves when attacked or get out 
of the way of accidents This theory, however, cannot explain a large number 
of medico-legal deaths, bus accidents, gun-shot wounds, etc , m which the injured 
persons has been in situations in which he could not possibly avoid the accident 
It is surely impossible to assume that a peison has this hypothetical ‘thymic 
lethargy' when he is merely a passenger in a bus which crashes into another 
and several people are injured 

It may be argued that this association of a persistent thymus is only apparent 
and not real For pathologists who deal with the end stages of disease generally 
in the aged or m middle life, when they aie brought into contact with medico- 
legal deaths m which healthy robust individuals often veiy young are involved, 
natuially find the thymus in an unusual number of cases 

Flowever an analysis of the above figures shows that this association is not 
merely apparent since a number of cases occur m which the organ has been 
found in a persistent stage in middle-aged and old individuals 

It must be understood that the post mortem size and weight of the organ 
may be no index of its condition before death Hammar advances a theory of 
great interest He believes that the thymus is never found m a normal condi- 
tion in persons dead of disease, since it is this tissue which is most susceptible 
to all forms of disease I would point out that the apparent persistent thymus 
met with in cases of sudden death would according to this view be the unaltered 
thymus appearing unduly large Hammar asserts on histological giounds that 
there is no structural difference between the normal thymus and so-called pei- 
sistent thymus of status lymphaticus 

Ruhrah and Dudgeon have pointed out that in cases of protracted marasmus 
in children there is an atrophy of the thymus Such atrophic changes have been 
found m chronic tuberculosis, empyema and bronchiectasis I have fourid a 
similar instance in a child in a case of extreme ankylostomiasis I believe that 
this holds true equally well in the adult where it is quite common to find little 
thymic tissue in chronic wasting diseases, like tuberculosis, chronic diarrhoeas, 
etc But our argument is that it is not the chrome wasting disease that interferes 
with the thymus, but that this organ has a tendency to atrophy with all chronic 

and protracted forms of tissue death 

If we take into account the relation between the thymus and the other 
ductless glands, we may possibly find an explanation for the condition Mane 
has pointed out the regeneration of the thymus that occurs in exophthalmic 
o-oitre, but others believe that there is a separate ‘ Thymic Basedowi ’ and that 
primary Graves' disease does not exhibit this regeneration However, Williamson 
and Pearse have drawn attention to the hypertrophy of the thyroid in many 
^ases of siaii/s lymphaticus, and to the lymphocytic activity which occurs m the 
thymus when the thyroid is most active They have been able to demonstrate 
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the presence of a thyro-thymic leash of lymphatics and hold that the stalk of the 
thjTnus takes origin from the thyroid and that masses of thymic tissue containing 
Hassel’s corpuscles extend all the way up along the Lymphatic channels to the 
thyroid They advance the theory that the thymus is a reservoir of the thyroid 
secretion — a secretion which is, however, quite different from colloid — and the)< 
argue that the thymus does not undergo atrophy but manifests a metamorphism 
to a vesiculate fat stage m the adult In attempting to explain the sudden death 
m goitrous conditions, however, they bring in status lyinphaticus which was 
present in 90 per cent of their cases 

The evidence of a th\mic hyperplasia in acute infections has been pointed 
out by Friedleben and in case-:, of diphtheria by O’Hausen as well as bj Rogei 
and Ghika who have experimentally produced it in guinea-pigs by injections of 
cultures of streptococci and staphylococci Friedleben has noted atrophy in 
chronic infections 

The whole question has important bearings on the problems of the thymic 
death and status lymphaticus Following the views of Kopp most writers, and 
even recent workers, still hold that status lymphaficus is sufficiently explanatory 
of the conditions of sudden death met with I would point out that this is 
viewing the problem from a wrong angle For, if it is proved that the condition 
of the thjmus in status lyniphaticus is only associated with the suddenness of 
the death and not m any way causal, the whole aspect of the problem would be 
changed The cases reported as status l\<iuphaticus would then be cases in 
uhich death was very sudden and consequently the thymus did not have time 
enough to change into the condition of the atrophied fat-laden organ that is met 
with in autopsies in cases of chronic death 

I am not here attempting to offer an explanation for these cases of sudden 
death without obvious lesions, but the argument that is advanced is that it is not 
in the thymus that w^e must look for the cause but elsewffiere The persistent 
thymus is only the result of the suddenness of the death, in the sense that the 
death w'as too sudden for the thymus to undergo changes 

If we are to accept this theory, the behaviour of the thymus becomes clear 
Thus in acute infection the basal metabolic rate would be high indicating an 
increased activity of the thyroid and consequently of the thymus, and the thymus 
would be 111 a state of hyperplasia if death w^ere to occur rapidly In chronic 
wasting diseases, the basal metabolic rate would be low' indicating an exhaustion 
of the thyroid apparatus and consequent!} the th)mus would be in an atrophied 
state at the time of death This would explain the so-called physiological atrophy 
that IS met with in autopsies in general If we come to explain the occurrence 
of the persistent th}mus in sudden death due to accidents, the new' of the 
persistence of the normal organ which had no time to undergo atrophy would 
meet the case In those cases ot sudden death m w'hich no cause can be found, 
the explanation of the death would liaie to be sought for in the heart muscle or 
el-ewherc, tor it is sureU not rational to la% the blame on an organ which shows 
a similai change in hosts of other conditions in which it could possibl} have no 
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ciusal bearing Pathologists will no doubt agree that very little thymic tissue is 
usually encountered in hospital autopsies except in childien I, therefore, 
ventiiie to put forwaid the theory that the association of a peisistent thymus 
with medico-legal deaths is due to the suddenness of the death The thymus 
IS an organ which is extieniely susceptible to all deleterious agents and is probably 
the fiist to undergo involutionaiy changes in illnesses ending m death As 
already explained this is made apparent from its inter-relation with the thyroid 
If this is proved it follows that in sudden and acute forms of death the thymus 
IS caught unawaies — so to say — and had no time to exhaust itself and change to 
the atrophied fat-laden organ that is so usually encountered This view also brings 
us into line with Hammar’s view of a ‘ physiological ’ persistence and affords 
explanation for his normal weights wdiich ha\e been criticized as too high 


SUMM VRY 

(1) The association of a persistent thymus with medico-legal deaths due to 
various causes is emphasized 

(2) The theory is put foiward that this is due to the suddenness of the 
death, death being so sudden that the thymus had not time enough to undergo 
atrophy or fat metamorphosis 

(3) It is ad\anced that the th>mus has no causal bearing m these sudden 

deaths ‘ 
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Ini India clarified butter fat is sold under the name of ‘ Ghee,’ because 
butter does not keep well in tropical conditions In making ghee, the curd and 
water are eliminated There are several methods of making ghee from butter, 
involving factors which might alter its analytical figures, thus ghee might be 
prepared from butter churned from raw milk or from ‘ dahi ’ made of boiled 
milk with a ‘ starter ’ Then the ‘ dabi ’ might be kept indefinitely before being 
churned for butter from which the ghee is finally made To make ghee, butter 
IS melted and then clarified by ‘heating’ at varying temperatures from 100°C 
to 180°C (B P of ghee) The question arises whether these varieties in pre- 
paration affect the analytical constants Thus Dr Brahmachan ( 1 ) m his study 
of constants of pure cow’s ghee states ‘ methods of preparation leave room for 
introduction of fallacies ’ He prepared his ghee consistently according to one 
method, viz , by melting and heating butter over a direct flame nearly to the 
boiling point of the fat He also prepared his butter from ‘ dahi ’ made from 
boiled milk with a starter We ha\e, how'ever, found that none of these pro- 
cedures need be strictly followed m making ghee m so far as the analjtical 
constants like butjwo-refractometer reading and Reichert Wollny values are 
concerned 


Experiment No 1 


A sample of pure cow’s milk w^as taken and churned in a Daisy chumer in 
a raw state until butter w as obtained This butter was du ided into tw o portions 
J, MR ( Ml ) 10 
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One portion was kept on. a water bath for two days until all the moisture was 
driven out 

Clear fat obtained after separating curd gave a Reichert Wollny value of 
22 9 and biityro-refractonieter of 43 0 

Another portion of the butter was heated to about IdO^C when the casein 
was just charred The filtered fat gave a R VV value of 22 9 and biityro- 
refractometer reading of 43 0 as before The temperature, therefore, to which 
butter may be heated to obtain ‘ ghee ’ does not affect these values 

Higher temperatures are not used in the preparation of ghee as its taste 
and smell are altered 

Dahl was prepared from the same sample of milk, sterilized by boiling 
and inoculated with a starter, the butter obtained by churning was next divided 
into t\vo poitions, each portion being treated m the same way as before, as 
regards temperature, to obtain ghee The R W values were found to be 22 9 
and 23 2 respectively and the butyro-refiactometer reading in both was 43 0 
The discrepancy between the R W values falls within the range of experimental 
error 

It IS thus evident that ghee whether obtained from unboiled raw milk or 
from dahi, preserves its analytical values unaltered Incidentally, it has been 
noticed that ghee prepared from dahi possesses the characteristic flavour, while 
the one made from unboiled milk has none 


Expprimcnt No 2 

Vat latwn of analytical constants, if any, of ghee with the change in the lactic 
acid content of dahi due to storage — A steiihzed sample of pure cow’s milk was 
divided into two portions Each portion was kept in a separate vessel and inoculated 
with a starter The content of one vessel was kept overnight and the other 
was kept for seven days Ghee was prepared from' butter got by churning, 
by heating it to a temperature between 120°C and 130°C for half 
an hour to remove water The characteristic ghee-like aroma was then 
found to develop and the casein assumed the chestnut biown colour, imparting a 
sbght tinge of yellow to the ghee due to the caramehzation The heating should 
not be continued over half an hour, otherwise much of the aroma is lost and 
replaced by the odour of burnt casein 


The following are the results — 



Per cent of lactic 

1 acid 

^ R W figure 

Butyro-refracto- 
meter reading 
at 40° 

Dahl of 12 hours’ standing 

145 

266 

419 

Dahl of 7 days’ standing 

1 

2’13 

266 

419 


It will be seen from the results that the analytical values are entirely 
unaffected even if the dahi is kept for seven days when the lactic acid developed 
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was one and a half times that present in the other dahi Dahi kept longer 
begins to decompose 

It was found that the aroma present in the ghee prepared through the 
medium of dahi was absent m ghee prepared directly from unboiled milk , further, 
ghee made by melting and heating the butter at an ordmar}’^ temperature of water 
bath, developed only slight aroma and the aroma increases as the lactic acid 
content of the dahi increases on keeping It would seem that the aroma 
associated with lactic acid is possibly due to esterification of either the acid or 
Its degradation products, such as propionic or butyric acid with alcohol which is 
very likely to be formed as a bj -product in the fermentation process The 
essential condition for esterification is complete elimination of water which 
cannot, however, take place below 1(X)°C (temperatine of water bath) as was 
observed m our evpenment 

Hence the optimum range of temperature was found to be between 120° C 
and 130°C The nature of the aroma is doubtful and needs more investigation 
A similar aroma is noticed m cheese during its ripening which according to 
Lewkowitsch(2) is due to a particular bacterium present in the starter 
Allen (3) says that it is due to an armno-acid formed from casein 

Another point worth investigating is the loss of vitamin that may take place 
m ghee while it is being made from butter by heating it to a temperature between 
120°C and 130°C It is difficult to prepare ghee below 120°C as at lower tem- 
peratures expulsion of moisture would take a longer time which might prove 
injurious to the vitanuns and also the aroma would not be fully developed The 
elimination of moisture is a sute qua non for insuring freedom of ghee from 
lancidily It is a question whether ghee may retain vitamin A if it is heated 
at a temperature of 120° C to 130° C which is the optimum both for its aroma and 
keeping quality IVe know that ritamin A is somewhat thermostabile(4) and 
also that butter requires only half an hour’s heating at this temperature for 
preparing ghee 

If it IS found by biological experiment that ghee thus prepared loses all its 
vitamin A, the vhole mode of its indigenous preparation should be changed The 
moisture would hare to be driven out at a temperature between 60 °C and 70° C 
vhich can only be done under vacuum The oxidation process which is the 
mam cause of deterioration of vitamin A in ghee will thereby be retarded, but 
the aroma ma\ not develop at this low temperature As esterification is known 
to take place even at ordinary temperature, it is worth finding out if the aroma 
wall develop later if the ghee is kept m a dry state 

Experiment No 3 

Cfftct of the tiioiasc of lactic acid content of dahi on its jic/d of ghee 

A miicli larger Meld of butter is got when dahi is kept for seven da 3 's as com- 
pared with the other dahi The lactic acid developed is also much greater 
There is obviousl} some relationship between the amount of lactic acid and the 
Jield of ghee Ihe reason for this was studied m tlie alteration of surface 
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tension that takes place Samples of sera were collected from dahi kept for 
varying penods and their sin face tensions estimated by means of Dr Du Nouy’s 
tensiometei (5) Ihis instiument measures diiectl}'^ m dynes per cm the force 
excited by the suiface film of the liquid iindei test upon a platinum ring when 
pulled away fiom the liquid m which it has been dipped This method is free 
from complications, e g , contact angle, etc , in which other methods are involved 
Ivesults — ■ 


1 

1 

1 

Per cent of lactic 
acid 

Surface tension 
m dynes per cm 

Yield of ghee 

iAfiJk 


49-4 

11 gins 

Dahl of 1 day’s standing 

' 104 

1 

47 0 

1 

! 13 ., 

Dahl of 3 days’ standing 

! 1-45 

45 2 

14 „ 

Dahl of S days’ standing 

165 

42 3 

16 „ 


Time of churning two hours 


In case of the dahi kept for five days piactically all the butter was obtained 
within 15 minutes, m othei cases two horns was necessary The increase in the 
lactic acid content m the dahi is, therefore, appaiently responsible both for the 
greater yield of fat and for the shortening of the time of churning necessaiy 

Ivlilk is a stable emulsion which is of oil-in-water type where droplets of 
fat aie dispeised m watei, whereas butter is of opposite type (water-in-oil), 
being a solid emulsion of fat with fat as the continuous medium in which drops 
of water aie dispersed By churning and by the development of lactic acid the 
phases are leversed, the oil-m-water type being changed into the water-m-oil 
type The formation of lactic acid acts as an auxiliaiy to the process of churn- 
ing The mciease in the lactic acid content is accompanied by a lowering of 
the surface tension of the serum Gibbs (6) states that any substance that 
lowers smface tension must concentrate at the surfaces of contact between two 
liquids In this instance lactic acid while it lowers the surface tension of the 
milk seumi must have a greater concentration at the interfaces between fat and 
the seuim in the dahi than in the serum itself and the attraction mtensit> 
between the pai tides of fat, therefore, inci eases In milk there exists an 
adsorption layer of some kind around the fat globules which prevent them from 
coalescing(7) During churning this layer is thinned out by the impact of the 
various globules permitting coalescence into nuclei winch gradually grow When 
lactic acid increases the thinning out of the adsorption layer is hastened by the 


*The acids tend to break the emulsion which separates into oil and water probably by 
some action on protective (emulsifying) agent present, e g , casein Hence casein is coagulate 
and precipitated and clots of this may be found in the butter mass [tii* Reports on colloidal 
chemistry, its general and industrial applications (1921), 2nd part, p 10 ] 
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increase in the attraction intensity of the fat globules with the result that the 
growth of nuclei and visibihty of butter particles take place much more quickly 
The experiment, therefore, justifies the manufacture of ghee from dalu, instead 
of from milk 

Indigenous manufacturers also make ghee from the skin which forms on 
milk when it is left to cool Thej^ accumulate these skins and inoculate them 
with a starter The collected products are then churned into butter The 
manufacturers have found that this method of manufacture gnes more aroma 
and increased j’eld, wdiich belief is supported by scientific evidence 

When milk is boiled, albumin present in colloidal state passes out of the 
solution to the surface Particles of this dissolved colloid conglomerate to give 
rise to a membrane or skin at the surface Ramsden(S) found that all albumins 
m solution maj form such a skin at the still surface of their solution as a great 
lowering of surface tension takes place and the colloid passes into the surface 
lajer through adsorption This process is irreversible When albumin, w'hich 
acts as a protecti\e colloid to casein, goes out of solution, that portion of casein 
which was held bound by the former cannot remain in solution any longer, but 
IS precipitated and earned to the surface along with albumin Since casein and 
fat are inseparable unless the former is dissohed, the greater the amount of 
casein thus precipitated, the larger is the amount of fat carried to the surface 
These skins, therefore, wall yield more butter wdien they are subsequently 
macerated with w'ater and cliurned They will also give butter more quickly 
on account of the development of lactic acid in them 

Effect of the fat content of mdmdiial coze’s nulk on its legal standaids — . 
Buffalo milk which has a high fat content also gnes fat having a high Reichert 
\\ollnj ^alue (30 is the minimum lalue according to Bengal Food Adulteration 
Act), while cow milk w'lth a comparatu ely low tat content gnea fat ha\mg a 
low Reichert Wollny ^alue (24 is the minimum \alue according to the Act) 
It might be thought that in indnidual cowT milk the R W \alue of ghee 
prepared therefore Aaries directly as the initial fat content Accordingly we 
made a study of the relation between the percentage of fat and the R W value 
on twehe samples of cow’s milk The results are collated in the followme 
table — 



Per cent ot lat 

R \\ lalue 

Butj ro-refractometer 
reading at 40° C 

1 

3-5 

229 

45 0 

2 

40 

I 2o9 

42 0 

3 

40 

24 0 

4j7 

4 

43 

23 5 

44 9 

5 

48 

25 8 

41 5 

6 

48 

23-4 

4.0 

7 

52 

2-1*9 1 

42 0 

8 

53 

22:4 

43 2 

9 

54 

20-8 

43 7 

10 

5 5 

20-4 

44 1 

11 

56 

266 

41 9 

12 

57 

254 j 

42-3 
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No definite relation between R W value and percentage of fat can be made 
out from these lesults The low fat content iSj however, accompanied by low 
R VV value, while the high fat content is not, as a rule, associated with the 
high R W value For instance in No 8 and No 9 although the percentage 
of fat is fairly high, the R W value is abnormally low 

No coil elation is evident between the percentage of fat and refractometer 
reading 

It IS inteiesting to make a note of these results in the light of the current 
standard prescribed by the Bengal Food Adulteration Act which lays down 24 
as the minimum figure for R W value and the limit 40 — 12 for butyro-refracto- 
meter reading at 40° C 

Summary and Conclusion 

Ghee whether prepared from butter churned from unboiled milk or from 
dahi made of boiled milk which has been kept for an indefinite period possesses 
the same R W value and butyro-iefractometer reading These figures remain 
unaffected if the ghee is made by heating butter to different degrees of tempera- 
ture for clarification 

The distinctive aroma is piesent only m ghee piepaied from dahi On 
keeping dahi its lactic acid content increases with increased yield of ghee accom- 
panied by the simultaneous decrease of surface tension of its serum This decrease 
of surface tension enhances the effect of lactic acid which is responsible for the 
increased yield of ghee 

From the analogy that buffalo milk with its higher fat content possesses a 
higher R W value than the cow’s milk, a relation was thought to exist between 
the fat content of individual cow’s milk and its R W value Twelve samples of 
such milk weie examined and no such relation was found 

We take the opportunity of gratefully acknowledging the facilities which 
Rieiit -Col 'Qiopra, i m s , and his assistant, Mr S G Chowdhury, m sc , gave m 
conneciion with the physico-chemical measurements done m experiment No 3 
Our thanks are also due to Mr D C De, b sc , for collecting genuine cow's milk 
and doing duplicate determinations of some of the lesuIts 
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Nor very long ago, that is to say, in the year 1920, Jorge Ricardo exclaimed, 
‘ Happy the man who shall give us the desired soluhon of the problem of the 
carrier of vibrios ’(1) The desired solution has not been forthcoming ever since 
the discovery of the V cholera: m 1883 by Robert Koch, who, m spite of his 
classical work on cholera, gave us no solution of the earner problem I am not 
aware of any work of importance that has been done on the subject during the 
few years that have passed since Jorge Ricardo made the above statement On 
the other hand, however, the textbooks’ descriptions of the subject are quite clear 
and leave no room for doubt in the reader’s mind The result of this teaching is 
that the general practitioner now believes that there is exactly the same kind of 
‘ earner ’ state of cholera as there is of typhoid fever This is due m a large 
measure to the manner m which research workers have handled this problem 
It was quite natural to be influenced by the solution of the apparently similar 
problem presented by typhoid fever A search was, therefore, made to discover 
the same kind of ‘ chronic carriers ’ m cholera as were undoubtedly found in 
tjphoid fever It appears to me that m the endeavour to do so, the analogy of 
typhoid fever was carried too far 

Infcchon of the gall bladder is no proof of the ‘ clnonic cairici ’ state 
Greig (1913) (2) has stated tliat it is the infected gall bladder which is res- 
ponsible for the production of the ‘ chrome carrier ’ state m cholera as well as 
m typhoid fe\er Thus, ‘m my research on enteric fever m India I earned out 
a number of daily bacteriological observations on enteric convalescents and found 
that a certain number of them continued to excrete the B typhosus intermittently 
for prolonged periods In the case of cholera I find that although m the majority 
ot cases the excretion appears to cease very^ shortly atter the acute attack, yet in 
3 cases out of 11 examined daily for a considerab'e penod the cholera vibrio 
uas found at intervals in the stools for longer periods ’(2) In another contribu- 
tion he says, ‘ As I have shown the comma bacillus m about one-third of the cases 

( 147 ) 
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of choleia gams an entiance to the gall bladder, where it finds all the conditions 
favouiable for its prolonged life Such individuals aie especially dangerous 
because they aie reservoirs of the cholera virus, and they bear the same relation 
to cholera as the big game of Africa do to Nagana ’ Now, one is quite justified in 
saying that in a fairly large nunibei of cases the choleia vibrio has been recovered 
from the bile of patients who have died of cholera Coulter (1915) (3) reports the 
result of 226 autopsies The cholera vibrio was found m 17 of the cases on bacterio- 
logical examination of the bile Ciowell and Johnston (1917) (4) investigatea 
212 cases of choleia and found the vibrio in the bile of 65 2 per cent and only in 
the bile m 5 7 per cent of these cases In 32 cholera ‘ carriers ’ detected after 
death, the cholera vibrio was found in the bile m 75 per cent and only m the bile in 
43 7 per cent 

As has been said before, the cholera vibiio may invade the gall bladder in a 
certain numbei of cholera cases But to accept this observation as the sole or 
the mam proof of the ' chronic carriei ’ state in cholera is not warranted by facts 
It IS not possible to agree with Greig who on simply finding the vibrio m the bile 
and the gall bladdei of fatal cases concluded that such cases were permanent 
‘ earners ’ having the same relation to cholera as the big game of Africa to Nagana 
It IS established beyond doubt that the V cholerce invades the mucous membrane, 
of the small intestine and is piesent there in such large numbers that it would be 
exceptional for the gall bladder to escape infection by direct extension from the 
intestinal canal As Greig and others worked with cases who had died of cholera, 
it does not follow that the infected state of the gall bladder, found by them, was 
proof of the ‘ chronic carrier ’ state Inflammation of the bladder m these cases 
was found so rarely that it could be easily explained as having been due to some 
other cause than an infection by vibiios Gieig examined the bile of 271 cases 
and found vibrios to be present m 80 Of the 80 positive cases, the gall bladder 
was found to be healthy m 68 

In this connection it will be more interesting to know how long after an attack 
of cholera does the vibrio persist in the gall bladder, as compared with the intestinal 
mucosa As no information is available on this point, it is reasonable to think 
that the source of the vibrios found in the stools of convalescents can as well be 
the intestinal mucosa as the gall bladder Cantaezene and Mane (1919) (5) have 
shown that by whatever route the cholera vibiio enters the body, it makes for the 
intestines and always finally reaches the walls of the small gut One is struck at 
autopsies of acute cholera cases, by the fact that vibrios are often rare m the 
contents of the small intestine, but if one investigates the mucous membrane 
deprived of its epithelium, the vibrio is encountered there m extraordinary large 
numbers 

There is no justification for stating that the two diseases behave alike with 
respect to the carrier state In typhoid fever the bacillus persists in the gall 
bladder and is passed in the stools possibly for a number of yeais, but nothing 
like this happens in cholera In connection with an epidemic of typhoid fever in 
Montreal in March 1927, Boucher (1927) (6) cites a case of a man who was a 
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‘ earner ’ for 20 years In cholera the gall bladder owing to its connection with 
the gut receives its share of the vibrios infecting the intestinal mucous membrane, 
or at most tlie infection of the gall bladder is but a temporary and transient affair 

Patients are fiee of the vihnos zoithin a f<ne days 

It must be emphasized that cholera is an acute disease of short duration 
The V cholera: is passed in exceptionally large numbers during the first few 
days of the disease After this m the majority of cases the vibrio is no longer to 
be found in the stools Wesskopf and Herschmann (1915) (7) examined 247 
cases of cholera in Slavonia and found that SO per cent were free of the vibrio 
at the end of the illness Levi Dell A Vida (1916) (S) reported on 11,755 
stools examinations with the lesult that 93 per cent of the cases and 99 per cent 
of tire contacts were free of the vibrios within 14 days In Conseil's senes 
(1912) (9), the vibrios usually disappeared by the 9th or 10th day Galambos 
(1916) (10) reports that out of the 89 cases of cholera except m 2 or 3 cases 
the vibrios disappeared from the stools in 7 to 8 days , m tlie exceptions they were 
found for 2 to 3 weeks Similar results can be quoted from other sources to show 
that the majority of cholera cases are free of the vibrios witlun the first few days 
of the disease 

During the year 1928 (April to September), 152 cases were admitted into 
the Infectious Diseases Hospital at Hardwar All these cases were suffering 
from more or less severe vomiting and diarrhcea Clinically they all appeared 
to be cases of cholera We examined the stools of 134 of them and isolated 
Mbnos from 92 cases Stools were not a\ailable or could not be examined in 
18 cases Deaths and recoveries w ere distributed as given in the table below — 




Died 

Recov ered 

1 

Vibrio positive 

41 

49 

2 

Vibrio negative 

6 

1 

36 

3 

Stools not available 

7 

1 

4 

Stools could not be examined 

4 

6 


Totvl 

5S 

92 


There were two more positue cases, the result of which as to death or 
rcco\ery could not be ascertained Of the 90 cases that showed the cholera vibrio 
in their stools 41 died, most of them, le, 36 died within 5 dajs of the onset of 
disease, the longest sur\ iving up to the 9th daj By onset is meant here the fully 
de\ eloped disease of snfhcient sererity to preient moving about Again the 
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majority, i e , 36 of the fatal cases passed vibrios in their stools till their death 
The result of the remaining- five ca'^es is set forth in the following table — 



Death after onset 
of disease 


Vibrio Negative Period 

Number of 
cases 

Vibrio present 
up to 

Total number 
of days 

Stools 

examined on 

1 

On the 3rd day 

1st day j 

2 days 

2 days 

1 

On the 4th day 

2nd day 

2 days 

1 day 

1 

On the 4th day 

1st day 

3 days 

2 days 

1. 

On the Sth day 

1st day 

4 days 

2 days 

1 

On the Sth day 

3rd day 

5 days 

3 days 


Every case of cholera whether ending fatally or not is potentially a dangerous 
source of the disease, but with regard to the question of a healthy ‘ carrier,' of 
course, the fatal cases are out of consideration Of the 49 cases, who recovered, 
no less than 46 were free of the vibrios within seven days of the illness Although 
it was very desirable to keep these cases for longer periods under observat’on, 
yet as most of them were pilgrims it was very difficult to prevent them from 
leaving the hospital as soon as they recoveied sufficient strength to leave the bed 
But no case was discharged unless the stools were negative for at least 2 days 
The longest period of obseivation was 19 days in 2 cases only Of the 3 excep- 
tions who were not free of the vibiios within 7 days, one became free on the 
7th day, one on the 12th day and one on the 15th day Thus the longest period 
for which the vibrio persisted m a case in these senes was 15 days The period 
of observation after the stools became negative is shown in the table given 
below — 


Days under observation 
after the stools were no 
longer positive 

Stools examined (but 
found no vibrios) on 

Number of cases 

! 

0 day 

0 day 

1 

1 „ 

1 „ 

3 

2 da> s 

1 

2 

2 

2 days 

2 

3 „ 

0 day 

1 

3 „ 

1 

2 

3 „ 

2 days 

4 
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Days under observation 
after tlie stools were no 
longer positive 

Stools examined (but 
found no vibrios) on 

1 

Number of cases 

3 days 

3 days 

2 

4 

1 day 

2 

4 .. 

2 days 

6 

4 .. 

3 „ 

2 

5 

1 day 

1 

5 „ 

1 2 days 

1 

S .. 

' 3 

1 

6 , 

2 .. 

4 

d 

3 .. 

2 

6 .. 

4 

1 

7 . 

2 „ 

2 

7 .. 

3 

4 

8 .. 

2 

1 

9 

1 day 

1 

9 .. 

2 dais 

1 

9 

3 

1 

13 „ 

3 .. 

1 

IS „ 

9 

1 


Tot VI, 

49 


The HiovunioJi pctiod of ‘ caiiyiiig’ the clwloa vibrio is veiy short 

It may, therefore, be stated that 95 per cent of all cases and contacts are free 
of vibrios within a fortnight In other words at the ^ery outset the conditions 
are unfavourable for the production of the ‘ chronic earner ’ state m cholera 
Nmety-fi\e per cent of cases being tiee of vibrios w'lthm a fortnight, they maj- 
be left out of consideration in so fai as the 'carrier ' problem is concerned It is 
onlj about five cases m a hundred that are likely to pass vibrios for longer periods 
than 14 da\s It is these cases in which we may look tor the existence of the 
so-called ‘ chronic carrier ’ of cholera Conseil (1912) (9) found the longest 
period of ‘carr>ing’ to be only 20 dajs Sergent’s case (1912) (11) of a native 
woman 'earned’ for 53 da}s Jatta (1912) (12) found that healthy ‘carriers’ 
Usuallj stopped passing the aibnoa in 3 to 5 da}s, but 15 per cent continued to 
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caused 99 83 pei cent and the ‘cairiers ’ 0 17 per cent of cholera cases This is 
a vast diffeiencci showing' that ni connection with the spread of cholera, the 
cainei may be consideied for practical piiiposes to have no importance whatever 

It will be seen from the foiegoing paragraphs what I have endeavoured to 
show IS that there are no ‘chronic earners’ in cholera Ninety-live in a 100 
cases are free of vibrios within 14 days, the rest within 1} months, and the part 
the latter play in the causation of cholera is negligible In typhoid fever cases 
are known to have been ' carrying * for years and numerous instances are on 
record of chronic carriers’ who have given use to epidemics after years of 
carrying This is far from being the case in choleia, here the cases are free 
of vibrios soon after the attack — within weeks, not months nor years The chances 
of such cases being infectious a couple of months after recovery from the disease 
are very remote indeed I am not aware of any epidemic of cholera that has been 
traced to a ‘carriei ’ of two months’ standing 

Bpideimological evidence is against the existence of the ^ cJiionic cairiei ’ 

of choleia 

The limited geographical distribution of cholera is an evidence against the 
chrome ‘ carriers ’ If there weie ‘ chronic carriers ’ of cholera, then how is it that 
m spite; of all the modern facilities of tiavel, cholera should be confined to a few 
endemic areas in the world and all other countries be entirely free from it Surely 
typhoid fever is not so limited in its distnbution throughout the world If other- 
wise healthy people (for so the ‘chronic carriers ’ are) could infect others for years, 
then these infective agents would have had a much wider distribution in the world 
and so would have been the distribution of Asiatic cholera Macnamara(22) 
writes about cholera that ‘ after having been a certain time epidemic in a locality, 

’t entirely disappears, unless in its endemic area In considering this feature of 
the disease we must again appeal to its history I have already pointed out the 
fact that cholera is hardly endemic in any country beyond the peninsula of India, 
the eastern provinces of the Bay of Bengal and Java It has appeared over 
Europe and America on several occasions, but after exercising its baneful in- 
fluence for a period of two or three years it has gradually died out and disappeared, 
until again rekindled by a fresh importation of the disease from India ’ Again, 
it often happens that some of the non-endemic areas (such as those in India) are 
attacked by cholera one year and are entirely free from the disease for a number 
of years in succession after which they get a visitation again If there really were 
an effective number of infectious ‘ carriers ’ in the community, one would not find 
a number of such free years immediately following an extensive epidemic The 
free years are not due to the immunization of the community by the epidemic, be- 
cause there are other areas which have had severe epidenucs every year for the 
50 to 60 yeais of available records They are not due to unfavourable meteorological 
conditions either, because such conditions are not likely to be maintained for a 
number of full years m succession Further, if fresh importation of the virus by 
patients takes place in any one of these years, an epidemic will occur in that year. 



S Khan. 


155 


Tims in the Punjab severe epidemics have followed every one of the Kumbh Fairs 
of Hardwar From these big fairs that take place e\ery twelfth year with a 
concourse of about 2 million pilgrims at the chief bathing day, the Punjab i^ 
invariably infected, followed invariably by a severe epidemic Such cholera-tree 
years as mentioned above show the non-existence of ‘ earners ’ and are due to the 
absence of importation of the disease from outside 

Those who have followed the history of Asiatic cholera have emphasized 
the fact over and over again that the excursions of this disease into other countries, 
VIZ , the various pandemics outside the confines of India, ha\ e been caused by 
patients suftenng from cholera and have always followed an increased activity 
of the disease in its endemic aieas To quote Macnamara(23) again ‘a sixth 
characteristic feature of epidemic cholera is that every outbreak of this disease 
beyond the confines of British India may be traced back to Hindustan through a 
continuous chain of human beings affected with the disease or through articles 
stained with their dejecta Thus has the malady been propagated from one human 
being to another until its influence has spread from east as far as the western 
shores of Amenca But cholera has never appeared in America unless Europe has 
been first affected, it has never broken out in the west of Europe unless the 
eastern part of the continent has been previously under its influence And here 
let me draw the reader’s attention to the fact that Australia and other large 
tracts of country have as yet been free from Asiatic cholera, and that these places 
are separated from India by extensive oceans or seas W e have traced 

Asiatic cholera on several occasions to Mauritius, but alwajs after the arrual ot 
vessels from India with persons on board who had been among those suffering 
from cholera The same thing has occurred in Amenca, Giiadaloupe, the islands 
of Grand Canarj group and so on In fact I may with confidence challenge any 
one to cite an instance of epidemic cholera occurring bejond the precincts ot 
British India, unless connected by a direct chain of cases with an outbreak of the 
disease m India' That is why the seaports of a country are the first to be 
affected , and that is why cholera cannot cross a desert though it may circumv ent 
it Many other such facts from the epidemiological behaviour of cholera may 
he cited to show that there are no ‘ chronic carriers ’ but the disease is propagated 
from place to place by patients suffering from it 

Extended search has faded to find a 'chronic earner’ of V cholera 
Extended search has been made by many observers m many parts of the 
world to find ‘earners’ m the general population but even in the endemic areas 
no ‘carrier’ ot Koch’s vibno has been found Tomb and Maitra (1921) (24) 
ha\e evanuiied a large number of stools ot healthy people in the endemic area of 
Asansol, Bengal They examined the whole stool, instead of a small quantity 
of it, b> what thej call the ‘open bowl’ method of stool examination Othei 
workers examined the stools of the general population in other endemic areas 
of Bengal But none has succeeded m finding a ‘carrier’ of cholera Thus 
Tomb and Maitra (1926) (25) write it should be emphasized that in no instance 
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have we ever been able to find agglutinating' vibiios in the stools of either survivors 
or of contact “ earners ” three to four weeks after the cessation of an epidemic ’ 

We endeavouied to find healthy ‘earners’ in the pilgnm centre of Hardwar 
Now in Hardwar cholera is often present in the hot weather, though it is not 
endemic, but is hi ought by the pilgnms and is confined m a large measure to them 
From March 1927 to September 1928, we examined by the ‘open bowl’ method 
the stools of 2,898 healthy people comprising 648 pilgrims and 2,250 residents of 
Hardwar, but did not find a single healthy ‘ carrier ’ of Koch’s vibrio Indeed, it 
was not expected to discovei any among the lesidents of a non-endemic area, 
although m Hardwar the residents are in close contact with the infected pilgnms 
On the other hand it is a common thing to find pilgnms, coming from the endemic 
areas of cholera, reaching Hardwar ill with the disease Direct search has failed 
to reveal the existence of ‘chronic carrieis’ among the general population This 
brings us to the consideiation of another kind of ‘carriers,’ eg, the ‘carriers’ of 
w'^at are called the ‘ inagglutinable ’ vibrios 

The ' car) ler s’ of mag glut mahle ’ vib)ios have nothing to do zmth 
the oiigin and spread of choleia. 

Can the ‘inagglutinable’ vibrios give use to outbreaks of epidemic cholera’ 
There is overwhelming evidence to show that the ‘ inagglutinable ’ vibrios as such 
do not cause epidemic cholera The utmost that can be said in their favour is that 
they may cause a disease simulating cholera — the so-called sporadic or wild cases 
Flu (1914) (26), Castellani (1915) (27), iClialmers and Waterfield (1916) (28), 
Mackie and Storer (1918) (29), Jorge Ricardo (1920) (1) and others have 
reported cases of a choieia-like disease whose stools on culture yielded only ‘in- 
agglutinable ’ vibrios But these were certainly not instances of epidemic cholera 
It IS generally agreed that) epidemic cholera is not caused by the ‘ inagglutinable ' 
vibiios If they ever cause it, they can only do so when they get changed into 
the ‘ agglutinable ’ foim It is doubtful if such a change takes place at all 
But when this change has occurred they have lost their own existence It is not 
the object of the present paper to discuss the relationship between the ‘ aggliitin- 
able ’ and the ‘ inagglutinable ’ vibrios We do not propose to deal with thib 
question but shall only refer to the suggestion put forward by some observers, 
namely, that the ‘ carriers ’ of ‘ inagglutinable ’ vibrios constitute the reservoir of 
epidemic cholera There is very little evidence in favour of this view The fact 
that there are no ‘ chronic carriers ’ of the ‘ agglutinable ’ vibrio does not mean 
that the reservoir must be found in the ‘ carriers ’ of the ‘ inagglutinable ’ vibrios 
In this connection stress is laid by some writers on the observation which shows 
that the ‘agglutinable’ vibnos may lose their specific quality of agglutination 
To this we have no objection, but we find no evidence in favour of the suggestion 
that the ‘inagglutinable’ vibrios constitute the reservoir of epidemic cholera 
If the existence of the ‘chronic carrier’ has not been proved, the change of the 
‘inagglutinable’ vibrio into the ‘agglutinable’ form is also not demonstrated 
Further, even if it were possible to change the agglutinating reaction either way. 
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at will, we would still be far away from the solution of the problem It has 
never been suggested by anybody that the ‘ inagglutmable ’ vibrios occupy the 
same position of importance in relation to the letiology of cholera as does the 
Mbrio of Koch For those, therefore, who agree with Koch that the causative 
agent of cholera is the V cholera;, the question is, do the ‘ inagglutmable ’ vibrios 
cause cholera^ As mentioned abo^e, cases of a cholera-like disease have been 
observed who yielded onl} ‘ inagglutmable ’ vibrios But can it be really said 
that those cases were caused by the ‘ inagglutmable ’ vibrios found m the stools ^ 
It is poss_^ble such cases were due to some other disease m which the presence of 
the vibrio was a mere coincidence But supposing they were cases of cholera, 
IS it not possible that they were caused by an ‘ agglutmable ’ vibrio of fow virulence 
which lost its agglutinating power on reaching the lower part of the gut or soon 
after leaving it^ In this connection it is well to quote from the opinion of those 
who have cited such cholera-like cases m proof of the pathogenic power of the 
‘ inagglutmable ’ vibrio m the causation of cholera Thus, Tomb and Maitri 
(1926) (25) writes ‘It mav be of interest to state that on three occasions only 
have we been able to isolate agglutinating vibrios from the water of ground tanks 
known to ha\e been contaminated within the previous 24 hours by epidemic 
cholera dejecta, the agglutinating vibrio having in all other instances changed into 
the non-agglutmatiiig form before reaching the laboratory for cultivation ' 

Are the ‘ carriers ’ of ‘ inagglutmable ’ vibrios infectious at all, i e , can they 
cause cholera^ According to Tomb and Maitra 30 per cent of the inhabitants 
of tlie endemic area of Asansol, Bengal, are carriers’ of ‘ inagglutmable’ vibrios 
That there may be no cholera in a locality for long periods, m spite of the 
presence in the population of such a large number of these ‘ carriers,’ is an 
adnutted fact and shows the absence of their infectious power They have no 
effect on immunizing the population because when the true disease comes it is 
as fatal as ever To say that they become infectious only when they get changed 
into the ‘ agglutmable ’ form, means the negation of their infectious power and 
the negation of their very existence m so far as cholera is concerned How many 
of these are really ‘earners’? The \ibrios are commonly found m the drinking 
water How many of these ‘ carriers ’ simpH pass out m their stools the i ibrios 
they ha\e ingested m the drinking water which somehow reach the alimentary 
canal as does the cholera iibrio m cases of cholera? 

Again, 111 how many m a hundred of these ‘ carriers ’ do ‘ inagglutmable ’ 
\ibrios change into the ‘agglutmable’ form say m the course of one year? As 
the change itself has not been demonstrated to occur what can anybody possibly 
say with regard to this question? But supposing this change naturally did take 
place then the numerical probalniity of such a change to occur will be found, by 
the most liberal estimate, to be the same as the numerical probability of importation 
of the true iibrio of Koch In patients suffering from cholera Thus in a million 
people III \sansol, there would be 300,000 ‘carriers’ ot ‘inagglutmable’ vibrios. 
It oO per cent of the population were ‘ carriers ’ It, as shown by actual observation' 
there occur annually in Asaiisol for eiery million of population 3 to 4 independent 

J, 2SR 



158 


On the ‘ Caiite) " Piohlem of Choleta. 

outbreaks of cholera and of the cholera-Iike disease, and they be attributed 
to the ‘cariieis’ of ‘ inaggliitmable ’ vibrios, this will mean that the change takes 
place in 3 to 4 ‘earners’ in a hundred thousand Making, however, a liberal 
estimate, taking one m a thousand ‘ carriers ’ undergoing the change, we will as a 
consequence of this change have 300 people in a million capable of causing out- 
breaks of cholera But do 300 people in a million in Asansol not visit or come 
from cholera-infected aieas in India annually and have they not equal, if not 
greatei, potentiality of importing the virus and starting outbreaks of the disease? 
This number of 300 will still further be reduced if the percentage of ‘ carriers ’ 
be taken less than 30 As it was found necessary by Tomb and Maitra to 
examine the whole stool to arrive at this figure, the number of vibrios in some 
must have been too small to be of any importance 

The inaMmum period of ‘ cairyuig' the ^ magglutinahle ' vibrios 

IS also veiy shoit 

We have seen that the ‘ carriers ’ of the vibrio of Koch are, m the first place, 
temporary m nature and then they are too feebly infectious to be of any significance 
for practical purposes With respect to the origin of cholera, the ‘carriers’ of 
‘ inagglutinable ’ vibrios are of still lesser significance In the United Provinces 
we found them to be fai less numerous than those found by Tomb and Maitra 
in Asansol We were unable to attribute a single outbreak of cholera to them 
All fresh epidemics in the United Provinces weie caused by the true virus of the 
disease imported by cases suffering fiom epidemic cholera 

In the worst cholera district in the United Provinces we selected a number 
of villages which frequently suffered from choleia With a laboratoryi on the 
spot, stools of inhabitants of these villages were examined by the ‘ open bowl ’ 
method From September 1927 to November 1928, stools of 933 healthy people 
were examined and ‘ inagglutinable ’ vibrios isolated from 61 of them In other 
woids about 6 per cent of the healthy population m the woist cholera village^ 
in the United Provinces showed ‘ inagglutinable ’ vibrios m their stools Five 
of the ‘ carriers ’ were followed up for a period of about one yeai , the stools of 
one of them were examined daily and of each of the lemaming fom on alternate 
days The result of the observation is given in the table below 

The number of these cases is very small, but the most evident feature of all 
was the scarcity of occasions on which the stools were positive This intermittent 
manner in which the ‘inagglutinable’ vibrios appeared in the stools was so 
striking aj to arouse the suspicion of the occasional find being due to an error 
of contamination It is unsafe to arrive at any conclusion from these five cases 
as to the chionic nature of the ‘carriers' of ‘ inagglutinable ’ vibrios It is 
possible that such ‘ carriers ’ are free of the vibrios after 3 or 4 months None 
of them gave a history of a previous attack of cholera, though it is possible they 
might have had a mild attack which they did not notice As cholera was raging 
from April to July 1928 in the locality m which Shyam Tail and Pachkauria 
lived, it is possible they might have been instances of reinfection 
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Name of 'Carriers' 



Ram Per- 
shad first 
detected on 
ISth Sept , 
1927 

Shyam Lall 
first detected 
on 13th 
Sept, 1927 

Ramsagar 
first detected 
on 17th 
Sept 1927 

Badri 

ifirst detected 

1 on 15th 
Sept, 1927 

Pachkauria 
first detected 
on 17th 
Sept, 1927 

November 1927 

0 

6 

9 

2 

12 

December 1927 

4 

6 

4 

4 

10 

January 1928 

0 

0 

2 

0 

1 

February 1928 

1 

0 

0 

0 

1 

March 1928 

0 

0 

0 

0 

0 

Apnl 1928 

0 

1 

0 

0 

0 

May 1928 

0 

1 

0 

0 

0 

June 1928 

1 

0 

0 

0 

0 

1 

July 1928 

0 

0 

0 

0 

4 

August 1928 

0 

0 

0 

0 

1 

0 

September 1928 





0 

October 1928 


1 



0 

November 1928 





0 


The numbers are the number of days on which stools were positive 


In these cases the whole stools were examined by the ‘ open bowl ’ method 
which IS an intensive method for the isolation of vibrios In spite of this the 
vibrios were isolated on strikingly few occasions This shows that the ‘ earners ’ 
of the ‘ inagglutinable ’ vibrios pass the vibrios in very small numbers Now, 
even if the role of the ‘ inagglutinable ’ vibrios m the causation of cholera were 
the same as that of the vibrm of Koch, the very small numbers in which they are 
passed would reduce the importance of the ‘ carriers ’ of them to a very low 
level indeed 

Twenty cases who had recently recovered from an attack of cholera were 
followed up for one month ‘ Inagglutinable ’ vibrios were found m the stools 
of four of these cases, in three cases only once and in one case only twice during 
the entire month of observation The whole stools were examined by the ‘ open 
bowl' method Here, once more, we see the striking scarcity in which the 
'inagglutinable' vibrios were isolated from the stools 

Excluding the pilgrims, Hardwar is a very healthy place as far as cholera is 
concerned Out of 2,501 stools of the residents of Hardwar examined, only 10 
showed ‘inagglutinable’ vibrios These positive cases occurred chiefly durm^ 
the time of the Kumbh Fair when several million pilgrims visited Hardwar 
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From the above it will be seen that the 'earners’ of the ‘ inagglutinable ’ 
vibnos also become free of them within a comparatively short period of time 
The inagglutinable vibiios may persist somewhat longer than the vibrio of 
Koch, but they probably die out in the couise of 3 or 4 months We 
removed some of these ‘cairieis’ from their old surroundings and gave them to 
drink water free fiom vibiios Although the number of men so examined was 
too small and the peiiod of obseivation too short to enable one to draw any con- 
clusion, yet it appealed as if the ‘carriers’ became free when removed from their 

homes and put on boiled water , showing vibrios again, in some cases, on return 
to their homes 

The only teservoi? of cholera ate the patients suffering or recovering 

from the disease 

If there are no ‘ chronic carriers ’ of cholera, how then is the disease carried 
over from year to year^ This is done by the actual cases of cholera who are 
highly infectious during the fully developed disease £about 4 days) A few may 
be infectious though less so during the period of convalescence for 14 days and 
a still lesser number may have doubtful infectious power during the incubation 
period for 4 to 5 days 

These are cases that may be called ‘earners’ of cholera and no others, lU 
them lies the leal danger of cholera infection and they alone are responsible for 
the spread of the disease fiom place to place A locality where such cases 
occur all the year round independent of importation may be called the endemic 
area of cholera There can be no choleia anywhere in the absence of such 
cases provided none comes to it from the endemic aieas The origin and spread 
of cholera in India can be traced always to the presence of acute cases of cholera 
all the yeai lound somewhere in India Those areas wheie choleia is not endemic 
have nothing to fear from ‘ chronic carriers,’ for, happily they do not exist Such 
non-endemic areas which suffer severely from cholera fiom year to year would 
remain perpetually free if actual cases of cholera were not present all the year 
lOund somewhere in India 


Summary 

It seems to be the general belief that there are exactly the same kind of 
‘ canieis ’ of cholera as there are of typhoid fever In typhoid fever the ‘ chronic 
carrier ’ state is held to be due to the infection of the gall bladder Some workers 
have sought to piove that the infection of this viscus is responsible foi the produc- 
tion of the ‘chionic carrier’ state in cholera also It has been pointed out in 
this paper that there are no ‘chionic carriers’ in cholera, that there is no 
similarity between the two diseases in this respect There is no chronic infection 
of the -all bladdei by V cholerce. The fact that the V clwleice has been found 
in the bde of a case who had died of cholera does not prove that the condition was 

a chronic one ^ 
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The majority of cholera cases get free of the V cholera: within a few days 
Our results of observations m Hardwar agree with similar results of other 
workers elsewhere Ninety-five pei cent of all cases and contacts of cholera aie 
free of the vibrios within 14 days, the remaining within 11 months There is, 
therefore, no possibility of any of them becoming a ‘ chronic carrier ’ 

It IS very doubtful if the few exceptional cases, that may ‘carry’ for the 
longest period of 1 ] months, are infectious at all It must be clearly understood 
that the presence of the V cholera; m the stools of ‘ earners ’ does not always 
mean that they are infectious In other nords, such cases may be carriers 
of the vibrio for N months, but they may not be ‘carriers ’ of the disease for the 
same peiiod The V cholera being a delicate organism has very little chance 
to cause cholera unless passed in much larger numbers than those passed m the 
stools of ‘ carriers ’ The real thing will be to tiace definite outbreaks of cholera 
to these ‘carriers’ I am, however, not aware of any outbreak of epidem c 
cholera that has been traced to a ‘ earner ’ of two months’ standing 

Epidemiological evidence disprov^es the existence of the ‘ chronic carriers 
of cholera The limited geographical distribution of cholera is evidence against 
such ‘ earners ’ The peculiar connection of cholera with fairs and pilgrimages, 
the mode of spread of the disease from India to Europe and America and its 
inability to cross oceans and deserts are all in evidence against ‘ chronic earners ’ 
The history of cholera is full of events to show that every outbreak of this disease 
beyond its endemic areas has travelled stage by stage through a continuous chain 
of human beings affected with the disease 

Extended search has failed to find a ‘chronic carrier’ of V choloa We 
examined the stools of several thousand people m the worst cholera areas m the 
United Prov'inces of India but did not find a single ‘ carrier ’ of Koch’s vibrio 
Vibrios that did not agglutinate with the serum of V choleia were found in 
the stools of about 6 per cent of healthj people We found no evidence to show 
that the ‘earners’ of the ‘ magglutmable ’ vibrios had anything to do with the 
origin and spread of cholera 

The reservoir of cholera is not the ‘ chronic carriers ’ of V cholera, because 
they do not exist, it is also not m the ‘carriers’ of the ‘magglutmable’ vibr'o 
because they do not cause epidemic cholera The real reservoir is m the presen .e 
in the endemic areas of patients suffering or recovering from cholera The only 
source of the infection of epidemic cholera are patients suffenng from the 
disease, m the acute stage for about 4 days, also some though to a much lessei 
extent in the convalescing stage for about 14 days, and perhaps a few in the 
incubation period for a few days 

My thanks are due to Lieut -Col C L Dunn, ciE, dph, ims. Director 
m Public Health, U P, tor helptul suggestions throughout and to Rai Bahadur 
Dr K L Chowdhury, vihe, obe. Assistant Director of Public Health, First 
Lange, for help during the Kumbh Fair at Hardwar m 1927 
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have alluded to this question and have very minutely described the mode of spread 
of a number of epidemics from the endemic areas on what Bryden calls the 
‘ epidemic highways ’ Sir Leonard Rogers has recently referred to it, but from 
the time of Bryden to the present day opinions about tins question have been 
based entirely on the study ot aiailable mortality records It is hardly necessar) 
to point out that in so fai as the definition of an endemic area is concerned, a study 
of the mortality records alone may lead to entirely erroneous conclusions Thus 
from the mortality records the fact, that a revenue division of a province was 
never free from cholera for a single year out of the last 30 years, was taken by 
Sir Leonard Rogers to be the chief reason to say that cholera was endemic n 
that division But it is not quite coriect to state that b> endemicity is meant the 
nieie piesoiCL of choleia from jeai to year It is quite possible for cholera to be 
present in an area from yeai to 3 ear for a long senes of years and be entirely 
due to importation As an example of this may be cited the pilgrim centre of 
Haidwar The disease is so regularly brought by the constant flow of pilgrim'- 
that many people considei Hardwar as an important endemic area of cholera 
They are surprised to hear that Hardwar is not an endemic centre of cholera 
at all 

It must, therefore, be clearly stated what we mean by an endemic area of 
cholera It is generally agreed that an endemic area means an area in which the 
disease is present over a long senes of years independent of importation. It will, 
therefore, involve not an inconsiderable amount of labour to map out the endemic 
areas of cholera in India but it will certainly be worth while to do so from the 
prevention point of view It will be necessary tor this to make inquiries and 
observations on the spot continuously for a number of years before forming any 
definite opinion because otherwise one is likely to arrive at wrong conclusions 
As an instance may be mentioned again the statement of Sir Leonard Rogers, 
who thinks some of the Sub-Himalayan duisions of the United PrOMiices to be 
endemic areas of cholera, on the supposition that they have never been free 
from cholera for a single year for the last 30 years But as a matter of fact these 
divisions are more liable to be imaded b}' cholera than others on account of the 
proxiiiuty of Nepal, because Nepal is an important source of cholera There is 
no reference 111 Sir Leonard Rogers’ paper to this important source, because Nepal, 
which IS a kind of an autonomous state, does not publish mortality figures An 
opinion about this question, therefore, which is based on the study of publislieU 
mortality records alone is open to serious objections Lieut -Col C L Dunn, 
ciL, DPH, IMS, Director of Public Health, United Provinces, corroborates 
this statement about Nepal, from his experience of 17 j ears’ work m the United 
Provinces He thinks cholera is imported into Nepal from Bengal and then 
spreads to the United Provinces 

We still do not know a great deal about the epidemiology of cholera, but 
there are a number of facts known to ha\e been confirmed by numerous observe 
tions From these facts it may be stated, not without reason, that the endemic 
foci of cholera must be comparatively few, well defined, clear cut and limited 
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aieas There can haidly be any doubt about the fact that temperature does 
influence the prevalence of cholera Cholera is not found in cold countries It 
has reached such countries but has never been able to become established in 
them for more than two or thiee years Also in some parts of India where theie 
IS cold weather the disease subsides or entiiely disappears duung the cold weather 
The critical temperature appears to be 60°F , and the temperature of the previou-, 
month also has its influence Thus everywhere in India where the winter 
temperature falls below 60°F foi two months m succession, cholera at the same 
time either disappears or falls to a very low level Such an area is unlikely to 
be an endemic focus of cholera 

One can understand how the disease is kept up m non-endemic areas It is 
brought from outside, bieaks out m an epidemic form, and dies out m the cold 
weather If, therefoie, m such localities a fresh epidemic breaks out, the disease 
must have been imported again But how the disease is kept up perpetually in 
the endemic areas is not so easy to understand As has been stated before we 
do not know much about the reseivoir of cholera It is a point of considerable 
epidemiological importance, to be able to have definite information about the 
reservoir of the disease It is from this point of view that I propose to take 
this opportunity m ordei to draw attention to certain observations that were 
made in the course of an enquiiy m the United Provinces 

It IS generally accepted by the medical piofession that the essential cause of 
cholera infection is the classical vibrio discovered and originally described by 
Robert Koch This vibrio is constantly associated with cases of Asiatic cholera, 
nobody has any doubt about it The copious stools of cholera patients contain 
the organism in almost pure cultuie and it is one of the easiest of procedures to 
isolate It from such stools It is striking to note the abundance in which the 
organism is present i|n the stools of the patient duiing the first few days of thei 
disease and it is equally striking to observe that after the first few days it is 
no longer to be found in the majority of cases This brings us to the con- 
sideration of the ‘ carriei ’ problem of cholera Koch did not give us the solution 
of this problem and in subsequent work on it, unfortunately the analogy of 
typhoid fever was earned too fai Greig has written a good deal on this subject 
He had the woik on typhoid fevei before him and he endeavoured to show that 
there were exactly the same kind of ‘carriers ’ of cholera as there weie of typhoid 
fever This view was readily accepted , it soon found place in the textbooks, and 
the general practitioner now has no doubt that the ‘cainer’ question of cholera 
IS a settled fact But this phase of Greig’s work is still to be confirmed Stools 
of a large number of people have since been examined in the endemic areas of 
cholera m India as well as abroad and yet a ‘ carrier ’ of cholera has not been 
found As has been said before, the majority of cholera patients soon become 
free fiom the vibrios, a few may pass it during the convalescence, but it appears 
as if all become free after a comparatively short period of time We have 
examined the stools of several thousands of healthy people in the worst cholera 
areas m the United Provinces and we are of the opinion that the Koch’s vibrio 
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IS passed in the stools during the incubation period, during the disease, and during 
the convalescence only, and not afterwards Chronic carriers of typhoid ferer 
undoubtedly exist but in the case of cholera the existence of chronic carriers has 
not been proved It is not logical to expect to find identical conditions with i aspect 
to carriers of cholera and typhoid fe\er because epidemiologically the two disease^ 
behave differently The limited geographical distribution of cholera is m itself 
a strong presumption against the existence of chronic carriers We know that it is 
doubtful for cholera to reach countries such as Australia which are isolated by long 
voyages from the endenuc areas It has never appeared in America unless Europe 
has been first affected , and it is unable to cross a desert of any dimensions If 
these epidemiological facts can be taken to mean anything, they can also be 
adduced as evidence against the existence of chronic carriers It is, therefore, 
not without reason to state that there are no chronic carriers of Koch’s vibrio — at 
least none has so far been discoveied Not only are there no chronic carriers of 
the cholera vibrio, but the vibrio has never been found m the drinking-water, etc , 
without cases of cholera being present in the neighbourhood The vibrio may be 
found m the drinking-water only when a fresh supply from cases of cholera is 
available In other words it is unable to live a saprophytic existence 

Such IS the behaviour of the vibrio of Asiatic cholera It is an agglutinable 
vibrio, that is to say, the ribno met with in all the epidemics of cholera agglutin- 
ates with the anti-serum of the standard Koch’s vibrio This vibrio has never 
been found m the stools of healthy people nor in the drinking-water at a time 
when there is no cholera prevailing But other vibrios are commonly found both 
in the stools of healthy people and m the dnnking-water throughout the year, 
even when there is no cholera about These vibrios in other respects are hardly 
distinguishable from the vibrio of Asiatic cholera but they do not agglutinate with 
Its anti-serum The suggestion has, therefore, been put forward by some workers 
that these luagglutinable vibrios constitute the reservoir of cholera It has to be 
assumed, however, that before they can take on the property of causing outbreaks 
of epidemic cholera, it is necessary for them first to change into the agglutinable 
form This change has not been demonstrated to occur, still less is known about 
the conditions which bring about this supposed mutation in nature 

As has already been stated healthy people passing magglutmable vibrios arc 
commonly encountered I was informed by one of the delegates to the interchange 
of Health Officers who visited India this year, that m the Philippines all earners 
of magglutmable vibrios are considered for practical purposes as true carriers of 
Asiatic cholera The Indian Research Fund Association instituted an inquiry 
about this question which was earned out m the United Provinces It was pro- 
posed to investigate the origin of cholera iii the United Provinces and its possible 
connection with the carriers of the magglutmable vibrios 

Mortality records for the last 60 jears are available for these Provinces 
From a study of these records two epidemiological phenomena came into particular 
prominence They promi:=ed to afford \erj suitable fields for investigation on the 
proposed lines It was found that some of the district suffered much 
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more fiom cholera while others were comparatively free It was found that the 
disease reached its highest incidence during the months of May and June, 
decreased with the advent of the monsoon, and subsiding with the approach of 
cold weather entirely disappeared from the whole of the United Provinces during 
the months of January and Pebruary Taken individually, however, all the 
distiicts even the worst cholera ones enjoyed complete freedom from cholera for 
the greater part of the year, and the whole of the United Provinces comprising 
48 districts remained absolutely free from the disease during the months of 
January and February This has been confirmed by investigation on the spot 

We weie inteiested to know how the disease broke out afresh after it had 
entirely disappeared duiing the cold weather months It was, therefore, neces- 
saiy to investigate eveiy fiesh outbreak in the whole of the United IPVovinces 
This requiied an organization on a laige scale and a number of workers beyond 
oui means But thanks to the excellent health seivice in the United Provinces 
with the help given by the district medical officers of health, we were able to 
investigate every one of these outbreaks 

We also selected an observation aiea situated in the w^orst cholera district 
This area consisted of a number of villages known to be liable to frequent out- 
breaks of cholera Maps weie prepared for these villages showing wells, tank->, 
houses, etc A census was made of the population and each individual was 
entered in the register for follow up work They were divided into four groups, 
VIZ, survivois of the cases of the last epidemic, contacts of these cases, the rest 
of the population and the new-comers A laboratory was established on the spot 
Stools of all these people and also the drinking-water were systematically examined 
for the presence of vibrios Every outbieak of choleia in this area was 
investigated 

Inagglutinable vibrios could be found in the drinking-water and also in the 
stools of the healthy people in these villages About 6 per cent of the population 
showed inagglutinable vibrios in their stools We have failed to discover any 
relationship between these vibrios and the origin of cholera Not a single out- 
break could be traced to a carriei of the inagglutinable vibrios All outbreaks 
were found to be due to importation This brings us again to the question of the 
reservoir of cholera Take the case of a district which is free from cholera foi 
a year or two and gets a visitation every second or third year Take, for instance, 
the case of the United Provinces This area remains free from cholera for at 
least two months m a year It has a cholera season, that is to say, the disease 
breaks out in a virulent form every year during the months of May and June 
From what source then does the infection take its origin m such areas ^ Does ’t 
arise from chronic carriers? This, as we have seen, is not borne out by the 
observed facts The existence of chronic carriers is not proved Does it then 
arise from the inagglutinable vibrios that may be found there ? Our work m the 
United Provinces shows that this does not take place, nor have the inagglutinable 
vibrios been proved to cause epidemics of cholera in any other area We, there- 
fore, think that the reservoir of cholera must be the actual cases of cholera in the 
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active stage of the disease, in the incubation period of a week or so, and in the 
convalescent period of about 15 days The disease arises from such cases 
who import the virus into non-endemic areas We may refer to such cases as 
‘ acute ’ carriers The truth of this statement has stood the test of numerous 
observations ever since the history of the disease began But research work 
on cholera has been too much of the laboratory kind, and the inr estigation of 
individual cases with a view to tracing the source of infection lias not received the 
attention due to it If proof of this conception of the reservoir of choleia 
IS required it has been furnished with corroboration by the laboratory, at least 
m so far as the United Provinces are concerned I consider it essential to draw 
particular attention to it Let this hypothesis of the ‘ acute ’ carrier to be the 
only or at least the chief reservoir of cholera, instead of either the cliromc carrier 
or the magglutmable vibrio, be made the subject of further inquiry to prove or 
disprove our results, for if any work on cholera is to be of any practical value 
we must entertain no doubts on this question We started to work with the idea 
that the origin of cholera possibly takes place either from chronic carriers of the 
true cholera vibrios or from the magglutmable vibrios But the results of our 
work did not support this hypothesis and led us to the opinion that epidemic 
cholera arises only from cases of cholera (either ill or convalescing or in the 
incubation period) and from nothing else The real danger, therefore, lies in 
these ‘ acute ’ carriers The vicious circle is kept up m the following manner — 
Suppose epidemic cholera is present in district A in India An ‘ acute ’ earner, 
whether a resident or a visitor, carries the disease from A to another district B 
and starts an epidemic there, from B another ‘ acute ’ carrier carries it to anothe' 
district C and so on When the disease is raging at B it is possible A has become 
free, by that time and so on, or A may never become free, it 
may be a place having cases of cholera all the year round, in other words 
It may be an endemic area of cholera The origin of fresh outbreaks of cholera 
anywhere in India, therefore, depends on the presence of actual cases all the time 
somewhere m India It is immaterial where this place is provided free com- 
munication takes place with it through human beings If actual cases of cholera 
are not present, all the time anywhere m India, this hypothesis falls to the ground 
The above condition fulfilled, the disease is carried from place to place by the 
movements of the actual cases either ill, comalescmg or in the incubation penod, 
that IS to say, the 'acute' carriers Any concourse of human beings of such a 
nature and magnitude as to ensure the presence of an ' acute ’ carrier, is liable 
to an outbreak of cholera especially uhen the temperature of the season is 
fat Durable 
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Thu term ' Mycetoma ' is used to denote chronic inflammatory lesions with 
swelling and sinuses through which granules composed of fungal elements are 
discharged periodically This condition is most common in the foot though it 
occurs elsewhere and is commonly called the ‘ Madura foot ’ It is caused by a 
great variety of fungi occupying a wide range in the mycological scale and widely 
differing from one another Foi example one variety, the black mycetoma 
(African variety), is caused by Aipergillus houffardi which is an Ascomyces while 
another, a white variety (Vincent's type), is caused by Nocardia tndtea, which is 
an imperfect fungus The structural and cultural characters of these two fungi 
are widely dissimilar The different fungi that cause mycetoma are classified 
under two broad divisions (a) the madiiromyces, and (&) the actmomyces and the 
lesions produced by them are celled maduromycosis and actinomycosis respectively 
The maduromycosis are those varieties m which there are present grains composed 
of large segmented mycelial filaments and possessing well defined walls and usually 
clamydospores and actinomycosis aie those varieties in which there are present 
grains composed of very fine non-segmented mycelial filaments m which the 
walls are not clearly defined fiom the contents and clamydospores are absent 
In each variety are numerous fungi and a detailed description of them is beyond 
the scope of the present article It is thus evident that the term mycetoma is not 
specific but used in a loose sense to denote a clinical condition 
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The object of our present investigation is primarily to arrive at the exact 
mode of infection It is assumed that the fungus gains entrance through wounds 
and abrasions, as for example thorn pricks m the feet In South India, except 
the few well-to-do classes, the majority of people go about with bare feet and it 
IS in such classes of people, e g , the ryot, that mycetoma is common In many 
cases there is a definite history of a thorn prick or injury with splinter of wood 
and such objects have been removed from mycetomatous lesions years after the 
injury It is probably for this reason that the condition is most common in the 
feet One of the commonest thorns in India is the ubiquitous prickly pea 
Then there are the bamboo and the acacia also widely distributed It is possible 
that the fungus whether a madw ouiyces or an actinomyces resides saprophytically 
on such thorns and is earned by them into the feet Or again, the fungus as a 
saprophite in soil (varieties of actinomyces are known to exist in the soil) may 
get in subsequently through wounds caused by thorns not themselves contaminated 
It is necessary, therefore, to search for these fungi in thorn-bearing trees and 
plants, e g , the bamboo, prickly pear, acacia and also the sod But in nature a 
variety of other fungi are usually seen on such objects, and it would be almost 
impossible to investigate all of them with the possibility of their being the fungus 
in question But if we have the appearances of the usual fungi causing mycetoma, 
as grown on such naturaf objects, it would facilitate the works considerably 
With this view, successful attempts were made to grow them on tender bamboo 
twigs, the succulent stem of the common prickly pear and the soil 

The three varieties of fungi, the white, red and black were used for these 
cultures — 

The following cultures were made — 

(1) A variety of red mycetoma grown on tender bamboo twigs A small 

scarification was made by a knife on the skin of a tender twig of a bamboo which 
had been autoclaved and a small quantity of crushed material from a growth of 
red mycetoma ivas rubbed into it The twig was made to stand vertically in a 
test tube at the bottom of which ivas kept a little water and the tube was sealed 
with paraffin and incubated at In from about two to two and a half 

months growth was appreciable and the culture continued to grow for some 
months and then stopped, apparently after all the food material from the twig 
had been used up The growth obtained had the following characteristics It 
was dark reddish brown, dry, granular and heaped up at the base not unlike a 
miniature red ant-hill 

(2) A variety of iihite mycetoma (actinomycotic) grown on the common 
prickly pear (Optinlia vtdgatis) 

A piece of the succulent stem of the common prickly pear was autoclaved 
and a little of the crushed material from a white \anety of mycetoma was 
implanted on to it oter a small area ot scarification A few drops of stenle water 
were kept in the bottom of the test tube which was sealed with paraffin and 
incubated at 37° C Grow'th was appreciable about one and a half months later and 
the culture continued to grow for some months The growth had the followmcr 



172 


Ohse) hciUons on Mycetoma. 


characters It was yellowish white, rounded, raised, mammillated and moist It 
was soft, tough, elastic and not easily crushed and was fiimly adherent to the prickly 
peai into which it had evidently grown and from which it was difficult to separate 
while crushing it foi microscopical examination The growth on the pricUy 
pear was moi e luxuriant than on the bamboo 

(3) White and black vaiietiea grown on ‘Soil Medium' 

Since it IS difficult to handle and observe ordinary sod for purposes of 
cuhunng fungi, we used a ‘ sod extract ' medium This consists of an aqueous 
extract of finely pulverised earth strained through fine muslm to which potassium 
phosphate is added and the extract incorporated with plain agar and autoclaved 
For all practical purposes, it may said to be equivalent to the ordinary soil for 
purposes of culture as no extraneous nourishment such as the usual meat 
extractives, etc , was added to it and the fungus could utilize only the nourishment 
present m the soil A specimen of white mycetoma and one of black mycetome 
were grown on this medium The growths had the following characters — 

(n) White variety (Actinomycotic) 

The growth is slow but at the end of two months a definite growth was 
visible It IS whitish, granular, raised and has a ‘heaped up salt’ appearance 
It does not seem to have penetiated into the medium nor has it spread super- 
ficially 

(Zi) Black variety 

The mam mass of the growth is pale whitish in colour, slightly raised and 
gianular and in the centre (oldest portions) it is black in colour which colour 
seems to increase both in intensity and extent as the culture ages All round 
there is a pale whitish filmy halo which is seen to extend into the depth of the 
medium 


These two cultures are still growing 

From the foregoing it will be seen that these fungi grow with comparative 
ease on pieces of bamboo, puckly pear, soil and perhaps in a vaiiety of other 
plants evidently as a saprophyte This would also suggest a very wide distribu- 
tion in natiii e It is said that mycetoma is common in districts with black cotton 
soil The truth of this statement is difficult to estimate as statistics of mycetoma 
are imperfect and so far as I am awaie no authentic, regular mappings of this 
disease exists This is an important field of investigation It would be interest- 
ing to find out how these fungi would grow in the difterent kinds of soil, eg, 
the alluvial, black-cotton soil, sandy, lecl, highly nitrogeniis boggy soils, etc 
Would the kind of sod most favomable for such experimental growth correspond 
to the distiict most commonly infected? This would give us an idea of the 
endemicity of this disease Attempts at investigation m this direction are being 
made 

There i‘\ another method of attacking this problem That is, to search foi 
growths of tl'l fungi in natural conditions such as the bamboo, prickly peqr, 
acacia, etc , an^a5:«rtam if they correspond to the known varieties Then they 
could be grown on we usual favourable media and their cultural and structural 
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characters compared and confirmed This, of course, is a very patient and 
difficult task and a close co-operation of the medical, the agncultural and the 
forest departments is necessary for its success 

Tins paper is intended as a preliminary communication, with the hope of 
’encouraging work along these lines We propose to publish at a later date more 
details of what has been done by us and also the results of experiments being 
now earned on 

In conclusion, we must acknowledge a debt of gratitude to Lt -Col B W C 
Bradfield, obe, cii:, ims. Superintendent, General Hospital, Madras, not 
only for the supply of clinical materials, but also for suggestions as to the mode 
of investigation and for the constant encouragement that he has kindly given us 
but for which this work would not have been undertaken Our thanks are also 
due to Mr R D Anstead, Director of Agriculture, Madras, and to Mr S 
Sundararaman, m a , Mycologist of the Agricultural College, Coimbatore, for their 
assistance 
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Although tlie main conclusion reached by myself and collaborators (1928), 
in our Report on Malaria m the Assam Tea Gardens, was that funestiis and its 
most productive breeding-places, the perennially-flowing grassy-edged streamlets 
of the country, were the greatest source of the trouble, this conclusion was based, 
for lack of time and staff, almost exclusively on an analysis of the distribution 
of the malaria endemicity and the Anophehne breeding-places, very few observa- 
tions having beenunade on the relative prevalence of the adult Anophelines in the 
habitations of those affected, and none at all on the mosquitoes’ relative mfectivity 

The seriousness of these omissions being realized successful steps were 
taken to remedy the deficiency and the work involved is the subject of the 
following paper It was the outcome of a grant from the Indian Research 
Fund Association to which I am accordingly “■ indebted, and the observations 
being made on a group of tea estates in Cachar in southern Assam I am much 
obliged to my helpers there 

Because when arranging the research it was felt that if an enormous number 
of Anophelines caught at random in the human habitations were not dissected 
and examined for malaria infection, one would probably not obtain a true 
representation of thei relative' inf^ctivity, a great effort was made to obviate 
such a sequel An organization was set for the purpose of catching as many of 
the adult insects as possible — ^mainly by trapping in the cooly-lines — and five 
laboratory assistants, each armed with a dissecting microscope and specially trained 
for the work, were entertained to/ identify and dissect the catch, one of the men 


being detailed to conduct the preliminary examination and preservation of the 


infected specimens 
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The scheme was designed for a year but was brought to a conclusion after 
10,000 mosquitoes had been dissected in about 8 months (April to December 
1927) 

The following table shows the result per species — 


Table I 


No 

Name of species 

Number 

dissected 

Gut 

infected 

Glands 

infected 

Total 

1 

A funestiis 

1489 

39 

19 

58 

2 

A ramsaii vel pseudojamesi 

256 


1 

1 

3 

A kochi 

535 

1 


1 

4 

A vagus 

1,341 

1 


1 

5 

4 kanvan 

1697 

1 


1 

6 

A maculatus 

147 




7 

A jeyponensis 

125 




8 

A cuhcifacies 

1 




9 ' 

A fcsscUatus 

6 





A acoiutiis 

136 




11 

A fuUgtnosus 

51 




12 

A p/tihppiiieitsis 

2410 




13 

1 /ly realms 

1757 




14 

1 jainesii 

8 




15 

4 barbiroslns 

2 




16 

4 aitkcmi 

3 




17 

1 hucosphyrus 

36 





Total 

10 000 

42 

20 

62 


It mil be seen that about six of every' thousand adult Anophelmes caught 
in the human habitations were found infected and about two of these were at 
the stage infective to man 

The difTerences m the mfectn e-rates of fiiucstits, vagus, kanvari, and 
pliihppiui lists as seen in the Table, could not, it is presumed, ba\e been due 
entirely to anj insiifficiencv of the data, the aanation being too great to be 
aLcoiiiitable for sold} bi chance, indeed with regard to the rate shown for 
fuiustu^ there is some e\adence on the point 
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'P 1 1'^TTT^ J?ives the fnncstu<, mfection-rate month by month, as also does 
Table III, calculated for bi-monthly periods to lessen the chance of random error 


Tabpi: IL 
A funestiis 


Locality 

itonths 

Number 

dissected 

Gut 

infected 

Glands 

infected 

Total 


April 

8 





May 

52 





June 

235 

7 

4 

11 

i 

July 

266 

5 

2 

7 

U 






n} 

•s 

I August 

120 

4 

2 

6 

a 

September 

71 

3 


3 


October 

219 

5 

1 

6 


November 

382 

12 

9 

21 


Totai, 

1,353 

36 

18 

54 


Tabi^C III 


Locality 

Months 

Number 

dissected 

Total 

infected 

Per cent 
infected 
(about) 

i 

April and May 

i 

60 



Cachar 

June and July 

SOI 

18 

1 36 

August and September 

191 

9 

4’S 


October and November 

601 

27 

47 

-"V 

Totai, 

1,353 

54 

40 


There if one omits the first period in which so few specimens were 

examined, vaiiation in the figures and what there is may have been due 

to seasonal ml^iences, rather than to the misrepresentation of an insufficiency of 
data of a hvoc^'^t^cally constant rate If the data had been insufficient the figures 
would prolSil^ve been much more variable One may conclude then, from 
this periodic that probably the total number of fnneslns examined over 
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the whole period must have been adequate to give one a true picture of the 
natural mfectivity of this species — under the local conditions obtaining — and its 
extraordinary high rate here of 4 per cent must be noted 

The following records taken from Covell (1927) of the natural mfectivity 
of fmicstus m other countries are not dissimilar from that given in Table I, 
and do not exhibit great variations, dependent though the figures were on the 
endemicity in the different locahfaes examined 


Tabi,e IV 


S} noiij ms 

Observer 

Number 

dissected 

1 Number j 
infected. 

Per cent 
infected 

' funestus' 

Lamborn 

430 


27 

‘listom’ 

Perry ; 

229 


1-8 

1} 

Chalam i 

315 

] 

3-8 

1 

'minimus’ 

Stephens and Christophers | 

64 

4 


>» 

Lalor 

81 ; 

1 


II 

Iyengar 

25 

1 

1 



ToTAt 

1 

170 

6 

35 


The evidence then regarding fuiicstus is such as to lead us to suppose that 
the mfective-rates not only of it, but also of vagus, ka? wa) t and pMippimnsn 
as shown in Table I, give a true representation of their mfectivity in nature — 
under tlie conditions examined 

The negative infective-rate of phihppincnsis based on the dissection of 2,410 
specimens must now be noted, for Sur in Bengal has recently (1928) reported 
finding 3 1 per cent out of 223 specimens naturally infected It is difficult 
to suggest an explanation of the discrepancy between his results and that shown 
in Table I PIis observations were earned on during October and November, 
those of this survey during April to November,* the climate of Cachar being very 
similar to Bengal at corresponding periods , and while his were made in villages 
111 Krishnagar District where the spleen-mdices were over 90 per cent, yet ours 
were from estates where m 1923 I had found the spleen-index of 373 children 
to be about 72 pei cent This very important matter needs elucidation 

Insufficiency of data might perhaps having accounted for such reputed 
carrier-species as maculatiis, jcyponoisis, cuhcifacics and acomtus not showing 
an> infective-rate, and to this extent the scheme of the experiment failed we 
should ha\e been able to show reliable mfective-mdices for all the local speaes, 
though of course we were from the first limited to the numbers we could catdi 


*We dissected 1,091 dunng those two months without result 
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Malai ial hifectivity of Anoplielines %)i CacJiar. 

The record of infection of tamsayi vel pseudojamesi is interesting though 
the paucity of the numbers dissected (243) place it in the category of the species 
whose infective indices as shown must be doubtful In a report on a mosquito- 
survey of the Bengal districts (Strickland and Chowdhury, 1927) it was stated 
(p 382) ‘ in view of the difficulty experienced by epidemiologists in the past 
in allocating the malaria of the Province to any specific cause, this find of 
pseudojaitiesi may prove of great importance ’ In this Cachar survey its number 
and infectivity indicate that it may be about 340 times less infective than 
funestus 

The monthly tables of the dissections are appended That for funestus was 
analysed above and pointed to a slight increase of infectivity during the rainy 
months (the epidemic season) 


Conclusion 

It IS concluded that the dissection of 1,489 naturally-caught specimens of a 
species IS sufficient to afford one a faiily true lepresentation of its infectivity 
and that Table V, judging from the numbers found and the rate at which they 
were infected, approximately represents under the local conditions the relative 
infectivity of the species 

Tabi,i: V 


Number 

1 

Species 

Number 

found 

Number 

infected 

Infectivity 
coefficient 
kanua) i 
being I 

1 

funestus 

j 

1489 

1 58 

64 

2 

•vagus 

1,341 

1 

125 

3 

kai-wai t 

1,697 

1 

1 

4 

phthppinensts 

2,410 

0 

ml 

5 

hyrcanus 

1757 

0 

njl 


Therefore without apparently having been able to establish the infectivity 
of many important species, the experiment has definitely confirmed the enormous 
relative impoi tance of funestus in the malaria-problem of the Assam tea gardens, 
a potentiality for danger derived from two factors, its preponderant mfectivitv 
and its , relalively great prevalence, and this finding has justified the stress laid 
m our Report on Malaria in Assam Tea Gardens {op cit ) on the urgency of 
making a dead set at this species 


CovrivT/, G (1927) 

SuK, P (1928) 
StrickI/AND, C and oth^?rs 
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APPENDIX 

Aiiophelme mosquitoes dissected dutiitg the month of April 1927 


Locality 

Name of species 

Number 

dissected 

Guts 

infected 

Glands 

infected 

Total 

mfected 


A mtmmus 

8 





A kochi 

93 





A vagus 

29 





A karzvan 

30 





A maculatns 

4 


1 


U 

A jeyponensis 

1 




•s 

a 1 

A tesscUalus 

1 


j 



A acomtiis 

11 ; 





A fuUgiiwsus 

7 





A pJuUppiiicnsts 

21 





A hyreanus 

94 





1 Icucosphyrus 

1 





Total 

300 



1 


Hlay 1927 


Locality 

Name of species 

Number 

dissected 

Guts 

infected 

Glands 

infected 

Total 

infected 


A minimus 

52 





A kochi 

91 





A zagiis 

53 





4 karuart 






4 maculatus 

14 


1 


U 

A jcyporicnsis 

10 




*o 

A culicifacies 

1 




U 

4 iLSsclIalits 

3 ' 





4 acomtus 

24 




1 

A fuliginosus 

12 





1 philippiiunsis 

63 





1 hyreanus 

251 





} jauusii 

1 





Tot^u, 

631 
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AnopJieline mosquitoes dissected duting the month of June 1927 


Locality 

Name of species | 

Number 

dissected 

Guts 

infected 

Glands 

infected 

Total 

infected 


A mimmus 

235 

7 

4 

11 


A ramsayt 

27 

0 0 

1 

1 


A kocht 

19 



• • 


A vagus 

23 





‘1 kanvan 

142 



ff 

U 

A maculalus 

20 

* • 



s: 






O 

A jeyponensts 

8 



• 


A acomtus 1 

8 


. 



1 

A fuUgmosus \ 

10 



• 


A philippwensis 

115 



• 


A hy tea 11 us 

112 



. 


A barbifostns 

1 

. 

1 

. 


Total j 

720 

7 

5 

12 


July 1927 


Locality 

Name of species 

Number 

dissected 

Guts 

infected 

Glands 

infected 

Total 

infected 


A ninmniis 

266 

5 

2 

7 


A ramsayi 

35 



i 


A kocht 

14 

1 

I 

i 

1 1 


A vagus 

31 

1 

* 

1 


A kanvan 

125 

1 


1 


A macutatus 

16 

. 


« 

U 

1 

A jeypoi leitsis 

IS 




' o 

A acomtus 

1 


• 

* 


A fuUgmosus 

8 


0 * 


1 

A phthppmensis 

161 


t 



A, hyreanus 

88 





A jomesn • . 

1 


• • 

1 

• 


A aitkenn 

1 

•• 

• • 



A iesseifqtus 

13 


« 

• 


^OTAL 

775 

8 

2 

10 
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Anopheline mosqmtoe:, dissected during the month of August 1927 


Locality 

Name of species 

1 

Number 

dissected. 

Guts 

infected 

Glands 

mfected 

Total 

infected 


A tmmmus 

1 120 

4 

1 2 

6 


A ramsayi 

19 





A kochi 

35 i 





A vagus 

33 





A kanvan 

268 

i 



l- 

rt 

A inaculatus 

15 




•s 

rt 

a ; 

A jeyporiLiists 

23 





A aconitus 

2 




1 

A fultgtitosus 

S 





A philippiutiists 

327 

i 



1 

A hircamis 

186 

1 

! 


1 

, i 

A leucosphyrus 

1 

1 


1 



V 

Total 

1,034 

4 

2 

6 


September 1927 


Locality 

Name of species | 

Number 

dissected. 

Guts 

infected 

Glands I 
mfected 

Total 

infected 


^ 1 
A minimus 

71 

3 

1 

1 

1 

3 


A ramsayi 

68 





A kocin 

24 





A vagus 

126 





A kaniart 

1 

220 


! 


U 

d maculalus 

12 


! 








rt 1 

u 

■i jtyporuiisis 

14 


1 

1 



d acomtus 

1 


1 



1 phitippmuisis 

327 

! 




A hy realms \ 

200 





A aitkLiiit 

2 





1 kucosphyrus 

5 


! 

• 

1 



Total 

1070 

3 

i 

] 

3 



















Malarial Infechvity of Anoplielines in Cacliar. 
Anopheline mosquitoes dissected during the month of October 1927 


Locality 

Name of species 

Number 

dissected 

Guts 

infected 

Glands 

infected 

Total 

infected 


A minimus 

219 

5 

1 

6 


A ramsayt 

65 





A kocht 

66 





A vagus 

412 





A kai wa> i 

230 





A maculaltis 

4 




U 

rt 

A jeyponeiisis 

16 


i 


u 






a 

U 

A tessellatns 

1 





A aconitus 

3 





A philtppinensis 

488 





A Iiyicanus 

430 





A jamesn 

2 





A bat bit ost) i f 

1 


A 



A leucospliyt us 

IS 





Totai. 

1,952 

5 

1 

6 


November 1927 


Locality 


u 

£13 


O 

03 


o 


A 

A 

A 

A 

A 

A 

A 

A 

A 

4 

A 

A 

A 

A 


Name of species 


minuiius 

ravtsayi 

kochi 

vagus 

karivari 

mactilatus 

jcypo! lensis 

tcsscllatus 

aconitus 

fuliginosus 

phtltppmensts 

hyreanns 

jamesn 

leucosphyrus 



Number 

dissected 

Guts 

infected 

Glands 

infected 

Total 

infected 

1 

■ , 

382 

29 

131 

491 

352 

21 

22 

1 

63 

8 

603 

257 

3 

1 

12 

! 

' 9 

21 

i 

i 

■ 

2,364 

12 

1 

9 

21 


Totai, 



DYSENTEEY PROPHYLAXIS BY ORAL BILIVACCIN AT 
POONA AND SECUNDERABAD 


BY 

Major W WALKER, uc, r a m c , 

AND 

Captain R C WATS, i m s 

[Received for publication, February 21, 1929 ] 

The exhaustive investigations by Major Manifold (1 and 2) into the 
prevalent types of dysentery encountered in Poona revealed the fact that the great 
majority were bacillary in ongin He further demonstrated that B flexner was 
the most frequent infecting organism encountered 

Funds having been obtained from the Indian Research Fund Association, the 
task of preparing an efficient prophylactic Flexner vaccine was undertaken by the 
senior writer Two strains of B flexner, previously isolated by Major Manifold, 
were used for this purpose on account of their high antigenetic properties A 
vaccine containing a 1,000 million of each strain per c c was prepared and preli- 
minary animal tests having proved satisfactory as regards the production of 
agglutinins against the live standard strains of B flevnet , it was decided to test the 
vaccine on the laboratory staff A serological examination of each individual, 
before the administration of the vaccine, revealed the presence of agglutinin^ 
against B flcxncr V, W, X, Z and Y m all cases The vaccine was administered 
in two doses, first dose fee follow'ed by 1 cc after an interval of ten days 
Serological tests were carried out on each individual at frequent intervals and it 
was found that the existing agglutinins rapidly disappeared m all cases Further, 
two individuals developed acute baciliarv dysentery vvitliin twenty-one days of the 
second dose of the vaccine It was decided not to proceed further with human 
tests until more exhaustiv e animal tests could be earned out 

Just when matters in this line of investigation had come to a standstill a 
liberal supply of Onl Bilivaccm was put at our disposal by the Director of Medical 
Services in India with the request that its efficacy be tested as a prophylactic 
against bacillary dysentery amongst the troops in tlie district This definitely 

( 183 ) 



184 


Dysentety Piophylacois by Oial Bikvaccin. 

determined our future Ime of investigation in local dysentery prophylaxis The 
Bihvaccin was tried out m Poona and Secunderabad and the results are recorded 
herewitli 


Preliminary Notes 

(1) It was decided to limit this investigation to British troops only, the 
anangement being to protect a certain numbei of men m a few selected units, the 
unprotected, living under identical conditions, would thus act as controls Special 
dysentery case sheets were distributed to the hospitals concerned for recording 
the clinical signs and symptoms of all cases of dysentery treated during the period 
of this investigation The laboratory technique employed was that described by 
Major Manifold (1 and 2) m hisPbona investigations 

(2) The form of the preparation The Bihvaccin is prepared by the 
Biotherapie Company, Pans, according to the researches of Professor Besredka 
It IS presented m the form of dark brown tablets packed m small glass containers, 
three tablets per container Three tablets represent the full prophylactic dose for 
an adult Full directions are issued with each package The following extracts 
are quoted — 

‘ Take on empty stomach one tablet of vaccine on three successive 
mornings Food can be taken one hour after the ingestion of the vaccine 
After the entire dose has been taken (three vaccine tablets in three 
days), complete immunity is secured 

-H * * 

The immunity acquired lasts for one year In case of epidemics, it ’S 
advisable to repeat the vaccination m a few months 
No special diet is necessary ’ 

(3) The distiibiition of the vaccine It was decided to protect one entire 
infantry unit and a portion of another at Poona and 300 troops at Secunderabad 

The final distribution of the vaccine was as follows — 

1st Bn The Cheshire Regiment 856 doses 

2nd Bn The Royal Irish Rifles 250 „ 

Bntish troops, Secunderabad 294 „ 

(4) The method of administration of the vaccine The selected troops were 
paraded by companies, on three successive mornings, soon after leveille, without 
having partaken of the usual ‘gun-fire' cup of tea The men were ai ranged in 
line, three deep The fiont man of each row was handed a container of three 
tablets and, having helped himself to one, passed the remaining ones to the men 
behind him No food was taken before one hour had elapsed 

(5) The immediate effects The great majority experienced no after effects 
on swalloumg the tablets A few complained of slight abdominal discomfort 
No case developed dysentery during or immediately after the administration of 
the vaccine 
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The findings at Poona and Secunderabad wdl be dealt with separately 
The Poona Investigations 

The vaccine was distributed to the troops during the third week of June, just 
prior to the expected ‘ dysentery season ' The material for this investigation was 
collected dunng the period 1st July to 31st October, 1927 During the period 43 
cases of dysentery occurred amongst the British troops at Poona Of these — 

36 or 83 7 per cent were bacillary in origin 
4 or 9 3 per cent were protozoal in origin 
3 or 7 0 per cent w'ere unclassified 

The 36 cases of definite bacillary dysentery will first be considered in this 
report 

In 24 cases (66 7 per cent) the infecting organism w'as isolated, in the 
remaining 12 cases the typical bacillary exudate was demonstrated microscopically 

The distribution of these amongst the protected and the unprotected was as 
follow's — 



Shiga 

Flexner 

i 

1 1 

Bacillary 
exudate, j 

[ 

Total 

Protected 

! 

2 

11 

9 

22 

Unprotected 


1 

3 1 

8 

3 

14 

Totacs 

5 

19 

12 

36 


The Incidence of Cases in the Various Units, Poona 



Strength of units 

Number of cases 

Ratio per 1 000 

1st Cluslnres 




Protected 

856 

16 

18 69 

Unprotected 

1 

36 

1 

1 

2778 

Torn, Regiment 

892 

1 

1 

19-06 


2iid VlsUrs 


Protected 

250 


1 

6 

24 00 

Unprotected 

552 


7 

1 

12-68 

Tot \.L Regiment 

1 

802 

13 

1621 
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Bijsenteuj Piopliylaxis hjj Ouil Bilivaccin. 


Remaining British troops 


Protected 

Nd 



Unprotected 

1,016 

6 

590 


Total Bntish troops, Poona 


Protected 

1,106 

22 

19-89 

Unprotected 

1,604 

14 

873 

Totai, N ujiBCRS B T , Poona 

2,710 

36 

1 

13-21 


Add to these figures the unclassified cases (exudate indefinite but suggestive 
of bacillary dysentery) 


Total British troops, Poona 


Protected 

1,106 

24 

20-79 

i 

Unprotected 

1,604 

IS 

9-35 

Total Nujidcrs B T , Poona 

2,710 

39 j 

14 39 


Cbmeal Aspects of the Disease, Poona 

The first set of figures refers to cases of definite bacillary dysentery, those 
within brackets refer to definite plus unclassified dysenteries 


Duration of symptoms m days 

1 Protected cases 

Unprotected cases 

Abdominal pain 

1 29 (1 27) 

1 rso 

1 

(146) 

Persistence of blood and mucus 

2-14 (2-04) 

171 

(167) 

Persistence of mucus only 

3*91 (3 75) 

271 

(2-80) 

Duration of fever 

1 00 (0 96) 

157 

(146) 

Highest temperature recorded 

lOUF 




Thu Sucunderabad Investigations 

The material for this investigation was collected during the period 1st July 
to 31st December, 1927 During this period 57 cases of dysentery occurred 
amongst the British troops stationed at Secunderabad These cases were classified 
as follows — 

44 or 77 0 per cent were bacillary in origin 
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2 or 3 5 per cent were protozoal m origin 
11 or 19 5 per cent were unclassified 
The report will first deal with the definite cases of bacillary dysentery 
The infecting organism was isolated in 26 ( 59 1 per cent) of the cases, the 
remainder showed the typical bacillary exudate The distnhution was as 
follows — ■ 



Shiga 

i 

Flexner 

Bacillary 
exudate ' 

1 

Total 

Protected 


1 

2 

3 

6 

Unprotected 


7 

16 

15 

38 

r 

Totacs 

8 

18 

18 

44 


The Incidence of Cases m the Vat tons Units, Secunderabad 



Strength of units 

Number of cases 

Ratio per 1,000 

1 

lit Loyats 




Protected 

148 

4 

27 02 

Unprotected 

598 

11 

18 39 

Total l^GniBNT 

746 

15 

20-10 


lif Gordons 


Protected 

117 

2 

1?09 

Unprotected 

600 

14 

23-33 

Total Rlgimext 

717 

16 

22-31 


Reinatiniiff British troops 

Protected j 

29 

Nil j 


Unprotected 

873 

13 

j 1478 

Tot\l rfmaimnc B T 

907 

13 

j 1433 
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Dysenteiij Piophi/laxis hy Otal BiUvaccin. 



Strciigtli of units 

Number of cases 

Ratio per 1,000 

Total British troops, Secunderabad 




Protected 

' 294 

1 

1 

6 

20’41 

1 

Unprotected 

2,076 

38 

18-30 

1 

Totab N umbfks B T , S’bad 

2,370 

i 

• 

18*50 


Add to these figures the unclassified cases — their distribution was as follows 
Among protected 1 


„ unprotected 10 


Tola] British troops, Secunderabad 


Protected 

294 

7 

23 80 

Unprotected 

2,076 

48 

2312 

Total Numbers B T , S'bad 

2,370 

55 

23*21 


Clmtcal Aspects of the Disease, Secunderabad 


Duration of symptoms m days 


Protected 


cases 


Unprotected cases 


Abdominal pain 

1 50 

(183) 

176 

(1*73) 

Persistence of blood and mucus 

2*50 

(2*43) 

2 95 

(2*59) 

Persistence of mucus only 

3*83 

(416) 

3 69 

(3*67) 

Duration of fever 

100 

(143) 

1*23 

(1 19) 

Plighest temperature recorded 

103' 

■F 

102*6'‘F 


Poona and Sucundcrabad Findings Combined 
A Definite bacillary dysentery cases only 






Protected 

1 

1,400 

28 

20 00 

Unprotected 

3,680 

52 

14*10 

Totals 

5,080 

80 

15 75 

i 
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B Definite bacillary dysentery cases plus unclassified cases 



Strength 

j Nuinber ot cases 

1 

Ratio per 1,000 

Protected 

1,400 

1 

31 

22-14 

Unprotected 

3 680 

63 

17 12 

Totals 

5 080 

i 94 

1 

18-50 



1 



Clinical Findings, Poona and Secundeiahad, Combined 


Duration of symptoms in dajs 

Protected 

cases 

Unprotected cases 

Abdominal pain 

139 

(155) 

163 

(159) 

Persistence of blood and mucus 

2-32 

(2-23) 

2-35 

(2 13) 

Persistence of mucus only 

3-87 

(3 95) 

3 20 

(3-23) 

Duration of feier 

100 

(119) 

, 144 

(132) 

Highest temperature recorded 

103° 

F 

1 

104°F 


Sum Ai ARY 

(1) The efficacy of anti-dysentenc Bilivaccm as a prophylactic against 
bacillary d>sentery was tried out among the British troops stationed at Poona and 
Secunderabad At Poona with a British garrison of 2,710 men, 1,106 (41 0 per 
cent) were protected, while at Secunderabad with a British garrison of 2,370 
men, 294 (12 7 per cent) were protected The total number protected was 1,400 
out of a total of 5,080 (27 6 per cent) 

(2) Alternatue records are presented, the first dealing wath definite cases 
of bacillary d\ sentery, the second including unclassified cases m addition to definite 
cases 

(3) A few records, showang the clinical aspect of the disease among the 
protected and the unprotected, are also presented 

COYCLUSIOYS 

Oral Bihvaccm failed as a propIn lactic against bacillan d\ sentery during 
our in\estigations at Poona and Secunderabad 

The clinical course of the disease did not appear to be modified m individuals 
Jirotccted b\ the vaccine 

We have to thank Afajor Pottinger, mc r \mc, and Alajor Steaenson, 
>« \ M c. for siipplMiig ub with clinical records of all cases of d\ sentery treated 

■ 13 
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Bysente] i) Piophylams hij 0)al Bihvaccin. 


by them during the period of this investigation, at Poona and Secunderabad 
respectively 
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A SnOET NOTE ON THE AGGLUTINABILITY OF T A B 
EMULSIONS PEEPAEED BY VAEIOUS METHODS 


BY 
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AND 

Assistant Surgeon M G COOMBES, dtm, imd^ 

Central Reseaich Institute, KasaiiU 

[Received for publication, February 21, 1929 ] 

The validity of the old routine agglutination test of enteric fevers with 
dead carbohzed and formalized emulsions has recently been questioned by many 
workers amongst whom the work of Felix and Olitzki(l) deserves special 
consideration The discovery of rough and smooth variants (2) of various 
organisms produced in nature by unfavourable circumstances and artificially by 
various excitants has led to the study of their differential characters including 
agglutinative reactions 

Two varieties of agglutinations have been recognized for most of the 
organisms, the stabilotropic and labilotropic, each representing the O or the heat 
stabile (100° C for half an hour), and H or the heat labile antigen Differences 
not only m the type of agglutination (flocculent, granular and mixed) but in the 
effect of heat and various preservatives on the emulsions of the organism have 
been elucidated, and consequently a double experiment for each Widal test in 
routine w'ork was advised wnth emulsions preserved wnth 1 per cent alcohol for 
O and 0 5 per cent carbolic acid for H agglutinin 

As a good number of Widal tests are done here, w'e thought it worth while 
to study the effect of various methods of preparation of the emulsion on the 
agglutinabiht}’- of B typhosus and B paratyphosiis A and B Agglutination 
being dependent on various factors such as the reaction of the medium (pH), 
Its sugar content, humidity, the age of the growth and the technique employed. 
It was decided to keep all these factors constant and to \arj only the treatment 
of the emulsion and to see how' this affected the results 

High titre serum w'as obtained from a rabbit given Icc, 2cc 4cc 
and See of the stock TAB lacane at 3 dajs’ interval and bled a week 

( 191 ) 
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Note Oil Agglutinahility of T A, B Emulsions. 

after the last injection It is rather disappointing' that we could not kill the 
organisms with 1 to 5 per tent alcohol, so the following emulsions were used — 

1 Living emulsion m noiinal saline 

2 Emulsion heated to 96 5°C for half an hour 

3 Emulsion heated to 56° C for half an hour 

4 Carboh^ed emulsion (0 5 per cent) 

5 Formalized emulsion (0 2 pei cent) 


Colonel Haivey’s technique of agglutination was employed(3) The 
agglutination titres reacted with the different emulsions were as follows, the 
title given being the limit of naked eye agglutination observed in each case 


Method of 
preparation i 

1 

B typhosus,, 
Enteric 
Depot 

B typhosus, 
Rawlings i 

Pay a A, ^ 

Enteric 

Depot 

Pm a A, 
Mears 

Pa) a B, 
Entenc j 
Depot 

Para B, 
Rowland 

Non-heated 

1/2560 

1/5120 

1/320 

1/640 

1/5120 

1/5120 

Heated 56° C 

1/640 

1/1280 

1/160 

1/320 

1/1280 

1/5120 

Heated 96 5°C 

1/320 

1/640 

1/40 

1/80 

1/640 

i t/256Q 

Carbolized 

1/1280 

1/5120 

1 1/160 

1/320 

1/1280 

1/2560 

Formalized . 

1/2560 

I 1/5120 

1 

1/160 

1/320 

1/2560 

1/5120 


The attached table shows the actual agglutination readings 


Summary 

1 Non-heated emulsions of organisms in normal saline give the best results 

2 Heating up to 56° C and 96 foi half an hour gives rise to a 
marked decrease m the agglutmability of the oigamsms 

3 Emulsions preseived with formalin give better results than the carbolized 

ones 

4 The agglutinin response of the only rabbit used m our experiments was 
in the following order B paiatyphosus B, B typhosus and B paratyphosus A, 
but It does not follow that this would hold good in all cases 

Our thanks are due to Major LAP Anderson, i m s , for his guidance 
and supervision throughout the above experiments 
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A SHORT NOT 1C ON THE AGGLUTINOGENETIO POWERS OP 
THE ROUGH AND TJIE SMOOTH VARIANTS OP 
B TYPHOSUS AND THEIR MUTUAL 
IMMUNOLOGICAL RELATIONSHIP 


Part I. 


BY 

LiCuT S M K MALLICK, mrcs, brcp, dph, ims, 

AND 

Assist vnt Surglon M G COOMBES, d t ji , i m d , 

Ccntial Reseat ch Imfitute, KaiOiilt 

[Received for publication, April 11, 1929] 

Microbic dissociation is by now a universally known phenomenon and has 
been proved to occur m many bacterial species, both accidentally and as a result 
of various excitants such as are employed in the laboratory for experiment-, 
purposes 

A great deal of work has been done in recent years to investigate the antigenic 
composition of the smooth and rough variants of the enteric group of organisms 
by Arkwright, Felix and Olitzki, Gardner, White, and a number of other eminent 
research workers and many different opinions have been expiessed by them 
on this subject The experiments desciibed m this note were started to see, 
how by ordinary laboratoiy methods one can differentiate the various agglutinins 
produced by the rough and smooth variants of B iypJioim and also to ascertain 
then protective values when used foi prophylactic vaccines 

The two variants of B typhoons, lOugh (T R ) and smooth (T S ) res- 
pectively, were kindly given to us by Major LAP Anderson, i ji s , who 
had imported them from England We have studied their moi phological, cultural, 
biochemical and seiological characters The lOugh variant was tested also for 
its ‘roughness’ by its growth on Douglas agai, broth and auto-agglutmation 
in normal saline volution Both the variants were motile 

Two formalized' tWdsions weie made of each of the variants (one of each 
of these was heated a\lOO°(C foi half an hour before being formalized) and 

' ( 196 ) 
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high titre sera were prepaieci against each by intravenous injection of 01 mg, 
0 2 mg , 0 4 mg and 0 8 mg m rabbits, at weekly intervals , the animals being 
bled 10 days after their last injection 

A luiinber of experiments were put up with each serum, the Widal sets 
incubated m a watei bath at 55°C for 4 hours and the results read overnight, 
Harvey’s technique of agglutination being employed 

The results of these experiments are given in the preceding Table 

C0NCI,USr0NS 

1 Each variant gives rise to two types of agglutinins, one corresponding 
to its heat stable and the other to its heat labile antigen 

2 Although theoretically, the heating of the emulsions of either of these 
variants for 30 minutes at 100°C should destroy the heat labile antigen and 
when these emulsions are injected into rabbits should produce agglutinins corres- 
ponding to their heat stable antigen only, yet we do get with the injection of 
heated emulsions a ceitain amount of agglutinins corresponding to the heat labile 
antigens 

3 Agglutinins produced by heated emulsions of the two variants react 
to a lesser extent with the heat labile antigen of the same variant, but to a 
greater extent with the heat labile antigen of the other variant 

4 Heated emulsions show the heat stable antigen of each variant to a lesser 
extent than alcoholized emulsions, which also show a better and more distinct 
difference in the rough and smooth serological reactions 

5 The rough variant also contains a specific heat stable antigen like the 
smooth variant as differentiated by alcoholized emulsions 
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THE EELATWE TOXICITY AND IMJMUNIZING VALUE OF 
HAFPKINE’S PLAOUE PROPHYLACTIC AND OTHER 
ANTI-PLAGUE VACCINES COMPARED * 


BY 


B P B N AIDU, M D (Edm (E’pool) , 

AND 


J^AIEDAR SHAMSHER JUNG, iMD,t 
Ha^kmc Institute, Bombay 


[Received for publication, February 28, 1929 ] 

ProphydacTic vaccines against plague which are now in use differ m the 
methods of their manufacture and represent three distinct types of anti-plague 
vaccines 

To the first type belongs Haffkine’s plague prophylactic, manufactured at 
the Haffkine Institute, Bombay This vaccine is a broth culture of highly virulent 
plague bacilli grown for a period of six; to eight weeks in the dark and sterilized 
by heat It is a whole .accine composed of the culture medium together with the 
bacillary bodies and the products of their metabolism The immunizing dose of 
this vaccine for man is 4 c c 

Haffkine’s plague prophylactic has been extensively employed in India and 
the statistics regarding its protective value in man have been carefully collected 
from time to time which go to show that the incidence of the disease among the 
inoculated is considerably reduced and the case mortality among the inoculated 
who subsequently contract plague is reduced by at least one-half (Table I) 

In order to estimate the potency of anti-plague vaccines m laboratory animals. 
It IS necessary to fix; upon a suitable test dose for infection The test virus 


* Paper read before the Indian Science Congress, 1929 

tThis able research worker has since died from pneumonic plague contracted during the 
execution of his dutv F P Mackie, Lieutenant-Colonel, i m s , Director, Haffkine Institute 
February, 1929 


( 199 ) 


200 Ualjhina^s Placjiie Piophij lactic coiiipaied 

should e\hil)it a unifoim degree of virulence throughout a senes of experiments 
that may extend over many months Agar or broth cultures are open to objection 
Their Mrulence depends on the source from which the seed culture has been 
obtained, the constitution of the medium, and the duration of incubation 
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At the Haffkine Institute, for many years, the virus used has been the spleen 
of a rat dying of plague Strains are obtained from human cases and are passed 
from rat to rat so long as they continue to kill the rat within four days Our 
practice in these experiments has been to use a uniform dose of 0 003 milligram 
of such a spleen freshly removed soon after death A portion of the spleen is 
weighed and ground m a mortar with broth , this is diluted with broth till 1 c c 
of U contained 0 003 milligram of the spleen pulp Administered subcutane- 
ously to rats in our various control experiments, about 94 per cent of rats died of 
plague within 15 days of infection, further, the daily mortality rate m rats 
folfowing on the injection of this dose, closelv corresponded with the daily 
mortality rate in rats infected by the cutaneous method (Table II) 

With this test dose, ive have earned out experiments to determine the 
susceptibility of other laboratory animals, namely, guinea-pigs and rabbits The 
results go to show that? they are highly susceptible to infection, and that m these 
also, the disease is characterized by manifestations of a general infection and 
haemorrhagic inflammatory processes of the internal organs (Table III) 

Table III 


MoitaUty follozving on the subcutaneous infection with 0 003 milUgiain of spleen 
of a lat died of acute plague in guinea-pigs and labbits conipaied 

xvith that of rats 


Number of experi 
inents 

Number of animals 
used 

Deaths in 7 days 

Percentage deaths 
m 7 days 

Deaths in 10 days 

Percentage deaths 
in 10 days 

Deaths m IS days 

Percentage deaths 
111 15 days 

Guinea-pigs 

12 

40 


75 0 

33 j 

87 5 1 

38 ' 

95 0 

Rabbits 

11 

47 


74 4 

36 

76 6 

39 

83 0 

Rats 


1629 


90-6 

1,516 

93 0 

1535 

942 


Furthermore, experiments carried out in rats, guinea-pigs and rabbits with 
increasing dilutions of the test dose, nameU , 0 003 milligram of plague spleen, 
seem to indicate that the mortahti in these animals following on experimental 
infection, is dependent not on the actual number of organisms emplo>ed but on 
their virulence (Table IV) 

In order to estimate the toxicity and immunizing value of Haffkine’s plague 
proph} lactic, it is necessan to fix upon a suitable dose for the experimental 
aniinali It is generally held that the immunizing dose for rats is either l/16th 
or 1/Sth the human doae The results of our experiments with the prophylactic 
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TTof}liine’s Plaque Piophqlachc compaied 

in these closes, go to show that theie is no appreciable chtFerence either on the 
toMcity or in the imnnmi/ing value in raN in these doses (Table V) 


Txbli: V 


rjie toxicity and iinmnnicing value of 0 25 cc {\/\6tJi the human dose) and 
0 5 £■ c {1/Sth the human dose) of Haffkinc’s Plague P> ophylaetic compared 




8 724 

17 32 0 

18 310 
13 53-5 
22 18 
20 310 
19 366 
22 266 
22 241 
18 40 0 

179 37 0 


Similar experiments with the prophylactic in guinea-pigs seem to indicate 
that in these two doses, the vaccine has no toxic effect in gumea-pigs and that 
the immunizing value of the vaccine is considerably below that which is obtained 
in rats (Table VI) 

As plague is primarily a disease of rats, rats are, therefore, the animals of 
choice for expeiimental study with plague But rats in an area like the city of 
Bombay where plague has existed for several years, become relatively immune 
to plague, whereas rats from an aiea like the city of Madras, where plague has 
not so far obtained a footing, are more susceptible and have a very uniform ram 
of mortality to experimental infection (Table VII) 





Table VI 

'I he toxicity and immunizing value of 0 25 cc (l/16//j the human dose) and 0 5 c c. (l/8th the human dose) 

of Ha ff line’s Plague Prophylactic compaied in guinea-pigs 
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Tablk VII 

J he } dative uiscc/itibility of Madias tats (lattus lattus) and Bombay rats (raltus ratUis) to cxpcnmcntal 

vifcciion 7vtth plagitc 

” 1926 1927 I 1923 

AIadhas kats I3omiia\ hats Madras hats ]3omiia\ rats Madras rats Bomhat rats 


B P B Natdu and Jamedai Sliamsliet Jteng 


Sl{ 5 B 3 p fO rH CO O 

snSBid 33 b}u 3 dj 3 < 3 ; 


p 3 } 33 JUI M M O 



CO 

CO 

lO 

lO 


CO 



r>* 




0\ 

C\ 

C\ 

C\ 

C\ 

C\ 

CO 


o 

lO 

VO 

CO 

C\ 

CO 

CVl 

C\ 


rs, 








SIIJE 3 P 

3n3B[Cl 3 Se)U33-I3cI 


p 3 } 33 jll[ S}B^ 



'0C\O0\OCnOOOC0CS1>* 
cMCvcvj»-'C^jrvjcvjf-'»-'r~( 


oooootnr^ioo-TOO 
to•^loc^J 45 fv\o^vOf^ovo 
3n3B[(I oSBUi^OiOd! C'CnC\0\oovcnC\ocnoc\ 



ooooooooooOo 

p 9 P 9 jur 


SHJB 9 P 

3nSE[d 3SBIU33J3J 
























TABI.U VIII. 

Effect of increasing the interval between the prophylactic inoculation and infection f torn 7 to lA davs on the immunitv 
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Therefore, m these experiments we have employed rats imported from Madras 
and have used l/8th the human dose of the anti-plague vaccine for immunization 
It has been shown(l) that following on the inoculation of Haffkine’s pro- 
phylactic in rats, immunity begins to develop, and reaches its maximum m three 
to five days We have earned out experiments to estimate the amount of 
immunity conferred by the prophylactic, by allowing an interval of seven days 
and of fourteen days between prophylactic inoculation and infection The results 
do not seem to indicate that a greater degree of immunity follows by increasing 
the interval to fourteen days (Table VIII) 

To estimate the degree of protection conferred by anti-plague vaccine in 
rats, we have allowed an inten^al of fifteen days after infection and calculated 
the percentage protection or immunity on the number of survivors at the end of 
that period 

During the years 1923, 1924 and 1925 we have carried out several experi- 
ments on different brews of the prophylactic to estimate their toxicity and pro- 
tective power in rats The results of these experiments showed that it is possible 
to standardize the potency of the different brews of the prophylactic by this 
method, and since 1926, eiery brew of the prophylactic has been tested for its 
potency on rats and only such brews which yielded a sufficient degree of protec- 
tion have been issued for general use (Table IX) 


TablC IX 

The average potency of the different brezvs of Haffkine’s plague prophylactic 
manufactiucd at Farel, Bombay 



Number of 
Brers s 
e\araincd 


Number of 
rats inocu- 
lated 

Surrnvors 

percentage 

immunity 

1 

CONTROI, 

Years 

! Number of 
experiments 

1 

Rats 

infected 

Surr Ivors 
percentage 
immunitj 

1923— 1925 

1 

29 

49 

1,015 

33-9 

482 

67 

1926 

62 

82 

1 

3,350 

29-8 

360 

66 

1927 

48 

72 

3,470 

364 

338 

54 

To the end 
oi September 
192S 

30 

1 

45 

1,440 

1 

366 

370 

1 

TO 

Torn:. 

169 

248 

9275 

342 

1,550 

64 


Therefore, the protectue i-aiue of Haffkine's plague prophylactic both for 
imu and rat is eatablished 

Ihe second t>’pe ot anti-plague aaccine is the agar-grown racemes manu- 
factured m Germanj (I G Farbenmdustrie Ak-tiengesellschaft, Hoechst Am 
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Hciffhine s Plague Pt opliylactic compated 

Mam), m France (Pasteur Institute, Pans), and m England (Eister Institute, 
London) These are prepaied from plague cultures grown on a solid medium’ 
for two or three days, washed with normal saline, standardized by either the 
opacity or the counting method, and sterilized by heat or by an antiseptic Tli,ese 
are derived vaccines, and contain only the bacillary bodies Their imraumzing 
dose for man is 1 c c 

Agar-giown vaccines have been employed in French Possessions, m Dutch 
East Indies, m United States, m South Afiica, and m the Gold Coast Statistical 
evidence of their protective value m man are meagre It is generally held that 
agar-grown vaccines aie less toxic than tiaff Line’s prophylactic, then protective 
dose for man is much smallei than that of the prophylactic In the printed 
directions accompanying the aiiti-plague vaccines issued by the German, French, 
and Enghsh manufacturers, attention is drawn to the fact that the injection of 
these vaccines in man is usually followed by a local leaction appearing at the site 
of injection and that the local leactions are frequently associated with general 
symptoms, such as, malaise, fatigue, and fever lasting for one or two days 

In view of the fact that the preparation of agar-grown vaccines involves 
considerably less time compaied with that of the manufactuie of the prophylactic 
which extends over many weeks, we have carried out comparative experiments 
to estimate the relative toxicity and piotective value of anti-plague vaccines now 
m common use The results of these experiments, so far, go to show that agar- 
giown vaccines, even in the doses recommended for man, produce a lower degree 
of protection in rats as compared with Haffkine’s prophylactic in a dose of 0 5 c c 
which is one-eighth the human dose (Table X) 

To the third type of vaccine belongs Lustig’s plague nucleo-proteid , it is 
prepared from agar cultures , the growth is washed m saline, the bacillary bodies 
are dissolved by an alkali, and the nucleo-proteid is pi ecipitated with a weak acid , 
the precipitate is collected, dned, and stored in the dark This vaccine is sent 
out in bottles containing 0 04 gramme of the nucleo-proteid dissolved m 21 c c 
of an alkaline solution, and 7 cc is the prophylactic dose lecommended for man 
It IS a derived vaccine containing only the nucleo-proteid which is the immunizing 
antigen 

Here also, statistical evidence as to its protective value in man is not available 
We have obtained a supply of this vaccine through iProf Lustig and have carried 
out experiments in rats using one-eighth the human dose for immunization The 
results seem to indicate that in this dose this vaccine produces in rats a degree of 
immumty comparable with that obtained by the use of Hafikme’s plague pro- 
phylactic in one-eighth the human dose, namely, 0 5 cc (Table XI) 

As one of our colleagues at the Haffkine Institute, Dr Avan, has succeeded 
m isolating a strain of bacteriophage fronu rats which brings about the lysis of a 
culture of plague m less than two hours, we have carried out experiments with 
this ‘ anti-pestiphage ’ to estimate the degree of protection it conferred in rats in a 
dose of 0 5 c c The results seem to indicate that this bacteriophage has some 
protective value (Table XII) 



Relative toxicity and vnnmnomg value of agar-grazvn vaccines and Haffkine’s Pt ophylacttc compared 
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Tabi^i: XI 

Relative toxicity and immunising value of Lustig’s Nucleo-proteid and Haffkine’s Pi ophylactic compared 
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Summary 

1 The method which is now in, use at the Haffkme Institute for standard- 
izing the prophylactic is considered suitable for estimating the potency of anti- 
plague vaccines 

2 Haffkine’s prophylactic in a dose of 0 5 c c confers in rats a percentage 
immunity of about 35 against an infection with a large dose of highly virulent 
plague baalli 

3 Agar-grown vaccines of ‘ Farbenindustrie, Hoechst,’ of the Pasteur 
Institute, Pans, and of the Lister Institute, London, confer a lower degree ot 
protection in rats even when employed in doses recommended for man as com- 
pared with 0 5 c c of Haffkine’s prophylactic 

4 Lustig’s nucleo-proteid produces a degree of immunity m rats com- 
parable with that of Haffkine’s prophylactic 

5 Avan’s ‘ anti-pestiphage ’ confers some degree of protection in rats in 
the dose employed against subsequent infection with plague 
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In spite of various lecords of Anopheline mosquitoes in the Madras Presidency 
none of these, as will be seen by a reference to the distribution given by Covel 
(1927), indicate the existence of A aitkenu in the Vizagapatam Agency, or indeed 
anywhere in the Indian Peninsula in a wide tract lying between Chota Nagpur 
in the north-east and the Nilgiris in the south 

The survey and construction of some portions of the Raipur-Vizianagrani, 
Railway have been found extremely difficult on several previous occasions owing 
to local hyper-endemic malarial conditions and Mr Senior White, the Malario- 
logist, and his Assistant, the writer, have been engaged on malaria investigation and 
protection for engineering staff and coolie camps along this route, especially m 
district No 2 of the construction which covers the greatest extent of its length 
During the absence of the malanologist in 1927, and whilst in charge of the 
malaria control work and in the course of his usual routine surveys the writer 
came across A aitkenii in one of the streams m this district 

It was detected first in 1928 in the first part of January, and was again 
found in early February On both occasions quite a number of A aitkenn larva 
were collected from the same ‘ gedda ’ (stream) The identification of the second 
finding was supported by Dr Speedy After Mr Senior White rejoined the 
Railway in 1928, the full description of the larvae and the breeding-place were 
reported to him during his inspection of the camps, on which he confirmed the 
correctness of our finds 

(1) Geographical situation in the Vizagapatam Agency 54 miles north from 
the Rail-head, Parvatipuram Station, near a small village called Illsamuthi, 
elevation— 1,231 feet above mean sea-level, January and February, rainfall of 
area over 50 inches 

(2) Breeding-places slowly running forests stream in a deep ravine fed by 
hill-foot seepages m the vicinity, completely covered by trees on both sides 

( 214 ) 
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Sunlight penetrated at places only for a short period, there were fallen leaves 
rotting everywhere and an absence of weeds and algse in the stream which had a 
sandy zig-zag course with pockets and cul-de-sacs along the sides, the water being 
fairly cool and clear Breeding was chiefly in the cul-de-sacs 

(3) Larval description Small darkish brown coloured larva with the follow- 
ing characters — 

(a) Anterior clypeal hairs closely set and the internal ones more or less 

approximated, all of them slightly branched, with the internal ones 
branching from their middle 

(b) Posterior clypeal hairs are very small, branched from base and quite 

well apart 

(c) Antenna with a branched median hair and a basal hair of normal 

character 

(d) No filament to thoracic palmate, all abdominal palmates well developed 
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[Received for publication, March 4, 1929] 

B Vitamin has been obseived by seveial woikers to be at least of dual nature 
(Goldberger and associates 1926, Chick and Roscoe 1927, Sherman and Axtmayer 
1927, Rosedale 1927) With the exception of Rosedale, who used pigeons as test 
animals, these authois have brought foiwaid evidence that the complex vitamin 
IS divided into an antineuntic factor, and a factor which cures or prevents 
symptoms of pellagra The two factors have been termed and B, respectively 
by the English workers, and F and G by Sherman and Axtmayer 

These substances are both found in yeast and have been differentiated by 
autoclaving, which destroys the antineuntic factor B^ This factor may also be 
separated by adsorbing it upon norite charcoal or other suitable absorbent Both 
factors appear to be essential to rats Recent work by Hunt (1928fl) shows 
that wheat and maize are richer in factor B^ than in B,, and that Bo is the limit- 
ing factor for growth This has also been recognized by Chick and Roscoe (1928) 
who take as a standard for the assay of Bj, that amount of substance which secures 
a weekly increase in the weight of their rats of 10 to 12 grammes, since upon puri- 
fying their casemogen, they find the pellagrous symptoms more variable 
Rosedale (1927) did not separate his factors by autoclaving, but by precipitating 
an extract of rice polishings with lead acetate Small doses of either the filtrate 
or the precipitate would prevent the onset of polyneuritis in pigeons for long 
periods The filtrate would also cure typical avian polyneuritis (head-retraction), 
but the precipitate would not do so even though concentrated to one-hundredth 

( 216 ) 
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of its bulk The filtrate, therefore, appears to contain the factor When 
allowed to ferment, it fails to cure polyneuritis (Rosedale and Oliveiro, 1928) 
The nature of the factor contained in the precipitate portion is not clear from 
the preceding work, and the experiments reported helo\\ were designed to throw 
further light upon its properties 

EXPERIMENTAL 

Controls — Since Rosedale and Ohveiro (1928) have pointed out that on 
standing at laboratory temperature, the filtrate portion containing the antineuntic 
vitamin readily ferments, wnth loss of vitamin, it was necessary to make frequent 
extractions Each batch of filtrate has been tested on cases of typical head 
retraction which has been cured by a dose of 5 c c given by the mouth Batches 
not passing this test have been discarded It has been observed that on ageing, 
rice polishings have not given a sufficiently strong extract, and it has become 
necessary once or twice to replace the stock of dry polishings wnth fresh material 
on this account 


Experiments 

1 Ration of raw zvJnte polished rice alone — It has been found impossible fo 
keep pigeons for more than 35 days on this ration During the course of the 
work 55 pigeons have been placed on this diet, of which 36 have developed the 
typical head retraction with convulsions These have been cured by the adminis- 
tration of 5 c c of the filtrate extract The remaining 19 birds did not exhibit 
head retraction, but became more or less paralysed m limb, and could not be cured 
by the extract 

2 Ration of cooked zvhite polished nee — When the rice was cooked, head 
retraction was not observed, although the 37 birds used for this expenment have 
all shown paralysis of limbs These could not be cured by the extract The 
observations of Grey (1928) prevent special emphasis being laid on the difference 
found after cooking the rice, but in view of the number of birds showing typical 
symptoms m experiment 1, the matter merits further investigation 

3 Ration of zvhite polished rice -j- 2 c c daily of extract — ^Two c c of either 
the filtrate or the nrecipitate prevent the onset of polyneuritis for long penods 
Birds w'ere kept on each extract separately, but after 20 weeks the appetite began 
to fail, first in those receiving the precipitate, followed rapidly by those receiving 
the filtrate Increasing the dose made but little difference in either case Com- 
bining the extracts — that is giving daily 2 cc each of the precipitate and the 
filtrate extracts — revived the appetite 

4 Ration of zvhite polished rice -f- 5 per cent salt mixture 5 c c orange 
juicc — The salt mixture w-as added to the rice and the orange juice was fed 
separateh to each bird daily The salt mixture was No 185 of McCollum and 
Simnionds (1918) Its composition is — NaCl, 0 173 grm , MgSO^, 0 266 grm 
K.HrO,, 0 954 gnu , NaH„PO, H,0, 0 347 grm , CaH^PO^ILO, 0 540 ornT , Fe 
citrate, 0 1 IS grm , Ca lactate, 1 30 grm 
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Of 10 buds fed upon this diet, the head retraction was obtained in all birds 
within 40 days 

5 Ration No 4 -\- 2 c c daily of the filtiate eitiact — This diet maintained 
6 pigeons for over 7 months without depreciation m health or in appetite, and was 
then discontinued It appears that this diet is similar m effect to that of rice and 
both extracts (experiment 3) The effect of the precipitate extract seemed there- 
fore to be similar to that of the salt mixture, or the orange juice, or to a 
combination of the two 

6 Ration of white iice -f- 5 per cent salt mixture 2 c c daily of the 
filtiate — Four birds were maintained for 26 weeks Subsequently, the loss of 
appetite noticed m experiment 3 was observed 

7 Ration of zohite rice + 5 cc orange juice 2 c c filtiate daily— 'Bom 
birds used in tins experiment were maintained m health and appetite throughout 
the course of the experiment — 7 mouths It appeared, therefore, that orange juice 
contained the factor which was also contained m the precipitate extract 

During the course of the work Zilva (1927) published a paper in which he 
describes the precipitation of the anti-scorbutic factor C by lead acetate, which is 
similar to the method of treatment of rice polishings adopted in this laboratory 
This procedure was, therefore, repeated both with orange juice and with pine-apple 
juice, and the previous experiment (No 7) repeated using each of these products 
separately Pme-apple juice appeared equally as effective as orange juice and no 
signs of ill health were observed m either case 

It was, therefore, thought desirable to test the anti-scorbutic potency of these 
substances on guinea-pigs The basal diet was crushed oats, and a pair of guinea- 
pigs was used m each test Four animals were given the basal diet only to act 
as control These animals died within 30 days, exhibiting marked signs of scurvy 

8 Ration of oats -j- 10 c c orange juice evtiact — The guinea-pigs on this 

ration survived the test period of 90 days without showing signs of scurvy 

9 Ration of oats 4- 10 r c 'pine-apple extract — The guinea-pigs on this 

ration similarly survived the period of 90 days 

10 Ration of oats -j- 20 c c precipitate extract from rice polishings — One 
gmnea-pig died on the 19th day and the other on the 22nd day, both showing 
marked signs of scurvy 

The connection between nee polishings and the fruit juices is not made dear 
by these experiments Plimmer and Rosedale (1923) kept pigeons and other 
birds for long periods upon diets containing no C vitamin, and it was possible to 
rear a second generation from them The birds of Plimmer and Rosedale, how- 
ever, received oatmeal as the mam bulk of their diet with the exception of two 
groups of chickens which were fed on white polished rice The B vitamin supple- 
ment to the rice was dried yeast in one case, and yeast extract m the other It is 
clear fiom their report that these authors found the dried yeast superior to the 
extract More recently Hunt (192S&) has found that the residues of dried 
yeast after removing the and B, factors, contains yet a third substance which 
seems necessary to the optimum development of rats 
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In view of the trend of the foregoing experiments, it was of interest to attempt 
to ascertain the whereabouts, of the anti-pellagra factor B, in the nee polishings 
extracts The experiments of Hunt (1928fl) were not published at the time 
these experiments were undertaken, but the work of Chick and Roscoe (1927) 
had shown that B, was not so abundant as the B^ factor in wheat embryo, so that 
it seemed possible that this might be a general characteristic of cereals It has 
long been known that rats require the antineuritic factor B^, which can be removed 
from these extracts by autoclaving, but without the use of some suitable absorbent 
there seemed no way of removing the factor Bn without destroying Bj Chick 
and Roscoe had shown, however, that young rats failed to grow, and developed 
signs of sickness in 6 to 8 weeks unless supplied with the anti-pellagra factor, so 
that It appeared that if rats could be induced to survive this period without signs 
of ill health or lack of growth, it might be assumed that a certain amount of this 
factor was present An experiment was carried out on 6 young rats of average 
weight, 40 grammes They were placed on the diet of Chick and Roscoe (1927) 
purified casein 21 per cent, rice 63 per cent, coconut oil 11 per cent, salt mixture 
5 per cent Since it had been found in this laboratory that coconut oil, when 
exposed to the sun, will take the place of cod-hver oil, none of this latter oil was 
given Within 4 weeks the rats had lost from 4 to 5 grammes in weight and had 
become feeble, so that this diet was suitable as a basal diet for the purpose of test- 
ing the extract A batch of four rats (average weight 35 grammes) was placed 
upon this basal diet except that 5 per cent of the amount of rice was substituted 
by 5 per cent of the filtrate extract Normal growth and health were maintained 
in these rats for the first ten weeks of experiment, so that it appeared that the anti- 
pellagra factor IS contained in the filtrate and is not precipitated by lead acetate 

Subsequently, however, a loss in appetite and a slight loss in weight occurred 
Two rats died in the 14th week and exhibited a dropsical or wet condition At 
this time 5 C c of the precipitate portion was added to each 100 grammes of the diet 
in place of another 5 grammes of rice One of the remaining rats died during 
the 18th week but showed no sign of dropsy, congestion of food in the intestine, 
however, was very marked The fourth rat improved in health and continued to 
grow and the experiment was concluded at the end of the 22nd week In none of 
these cases was it possible to observe any dermatitis 

These results seemed sufficiently interesting for repetition, and it was decided 
to include pigeons as well as rats in the test 

Six rats (a\erage u eight 40 grammes) were placed as before upon the basal 
diet together with 5 per cent filtrate extract The first death occurred in the 13th 
ueek, followed bj two deaths in the 15th week and a further death in the 16th 
week Each rat showed signs of dropsy and of stasis Five per cent of the preci- 
pitate was now' added as m the last experiment and growth in the two remaining 
rats was resumed in the 20th week The experiment was continued until the 
o9th week when the two rats were chloroformed Past-mortem examination failed 
to re%eal signs of dropsy or stasis 
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Five pigeons were placed upon ration 3, white nee + 2 c c daily of the 
filtrate extract During the ISth week scattering of food took place and two birds 
were found to be in a mopy condition One of these died after three days in thb 
condition showing dropsy and stasis at post-mortem The other bird survived for 
another 10 days This bird showed much stagnation of food m the intestines 
but not diopsy 1 wo cc of the precipitate portion were now given daily to each 
of the remaining birds A third bird died m the 21st week showing marked 
stasis, but the other two appeared to regain their appetite and seemed in perfect 
health at the end of the 31st week when the experiment was discontinued 

In none of these cases could pellagrous symptoms be recognized either in the 
rats or pigeons 


DISCUSSION 

When an extract of rice polishings is completely precipitated by lead acetate, 
it appears that the original antmeuntic vitamin discovered by Eijkman (1897) is 
not precipitated This factor prevents or cures avian polyneuritis which bears 
resemblance to dry ben-ben m man If the absence of the anti-pellagra factor, 
Bo, may be judged by the appearance of dermatitis or skm lesions, the foregoing 
experiments show that it is also not precipitated by lead acetate A factor,' 
however, has been precipitated by lead acetate whose absence m the diets of rats 
and pigeons has led to symptoms of stasis in the intestines While there seems to 
be some indication that this factor may have some connection with wet ben-ben, 
this has not been proved IMcCarnson (1928) makes a distinction between what 
he calls ‘ polyneuritis columbarum ’ and ‘ ben-ben columbarum,’ but states that the 
head-retraction symptoms are common to both conditions He considers that the 
pathological conditions of beri-beri columbarum are analogous to those of ben-ben 
m man, and that they are brought about by a shortage, though not a complete lack, 
of the vitamin Plimmer and Rosedale (1926) pointed to a difference in symptoms 
between a total and a partial deficiency, but considered that while a total absence 
of vitamin resulted in typical head-retraction, partial deficiency led to a general 
debility and stasis These experiments of McCarrison and of iPlimmei and 
Rosedale were carried out upon the complete B vitamin complex The above 
experiments tend to confirm the opinion of Plimmer and Rosedale, since the absence 
of the precipitated factor has, m the presence of the antmeuntic vitamin, invari- 
ably produced stasis in the intestines of rats and pigeons Orange juice and pine- 
apple juice appear to contain the same substance as the precipitated factor, which, 
however, has been shown not to be the anti-scorbutic vitamin 

On the other hand, the more recent work of Chick and Roscoe (1928) 
indicates that typical pellagrous symptoms may not always be obtained, but that 
growth is the best indication of the presence of the Bo factor These author^ 
have, however, noticed that the appetite of their rats is not appreciably affected 
by the absence of the Bo While falling off of appetite has been an invariable 
symptom m the'^e experiments, it is possible that it may have been brought about 
by the onset of stasis The work of Chick and Roscoe, and that of Hunt, shows 
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that cereals cannot be considered rich m the anti-pellagra factor McCarrison 
points out that prevention of polyneuritis in pigeons and ben-ben in man may he 
secured by the same means, by the replacement of some of the rice by atta and 
dhal It would appear, therefore, that the substance m atta and dhal is also present 
in rice polishings and in certain fruit juices, and that it differs from the antmeuritic 
factor and from the anti-pellagra factor It would seem that a third member of 
the complex B vitamin exists, which may be important m the diet 
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GENERAL AND PHYSIOLOGICAL CONSIDERATION 

CiiNCHONA alkaloids, since their discoveiy, have been extensively used in 
therapeutics all over the world especially the tropics, but detailed pharmacological 
study of these alkaloids is still incomplete Some alkaloids like quinine and 
quinidme have, of recent years, attracted the attention of pharmacologists and 
considerable experimental work has been done on them The other two important 
alkaloids of cinchona bark — cinchonine and cinchonidine — have not been the 
subject of study of pharmacologists to the same extent as quinine and qumidine 
have been Impoitant textbooks on the subject refer to their action as only 
resembling that of quinine The comparative action of cinchonidine and cinchonine 
on the heart was studied by Chopra, Dikshit and David (1928) who fqimd that 
both depressed the heart muscle by direct action on the myocardium and increased 
the refractoiy and latent periods of the heart It was also suggested that the 
vaso-motor centre was also lesponsible in producing the fall of blood-pressure, for 
after decerebration the fall was not so marked The present research was under- 
taken to study the action of these alkaloids on the vaso-motor system 

In a study of the vaso-motor system as undertaken m this paper it is neces- 
sary to considei a few salient features of the physiological aspects of the circula- 
tion that have a direct bearing on the experimental observations recorded hereafter 
The words ‘ rise ’ and ‘ fall ’ of blood-piessure after an injection are essentially 
relative and mainly depend upon the initial level of the mean arterial pressure 

( 222 ) 
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present before giving- the injection An animal with a very low mean arterial 
pressure will not show any fall of blood-pressure after an injection of a drug 
which ordinarily produces a distinct fall On the other hand an animal \vith a 
very high initial blood-pressure level will show a more marked fall than one with 
a moderately high blood-pressure under identical conditions 

It is difficult to say which portion of the vaso-motor system is chiefly con- 
cerned m low blood-pressure which makes it less responsive to depressor stimuli 
The pressor response is not abolished for stimulation of the vaso-motor terminals 
like that produced by an injection of adrenalin produces the usual effect Stimula- 
tion of the ganglia by nicotine or of the centre by asphyxia produces the usual 
response though to a lesser degree and so the theory of paralysis of the vaso- 
motor mechanism cannot be held It appears, however, that although no actual 
paralysis of the vaso-motor system exists, the tone of the arteries is very low and 
they are in a state of wide dilatation so that depressor stimuli do not evoke any 
further response from them In our senes of experiments we have found that 
a blood-pressure level of 40 mm of Hg or less will not respond by a fall of 
blood-pressure to ordinary doses of cinchonine and cinchonidine (2 5 mg per kilo 
of body-weight) All our observations were, therefore, made in animals whose 
initial level of blood-pressure was well above the lowest limit, and observations on 
animals whose blood-pressure was below 90 mm of Hg were not taken into 
consideration 


EXPERIMENTAL 

After the operation of section of the cervical cord a fall in blood-pressure 
occurs, due to interruption of tonic impulses that are constantly passing from the 
vaso-motor centre in the medulla In our experiments, the section of the cord 
was done when the animal was well under chloralose and this anaesthetic ^vas used 
in all our experiments to obviate any error due to difference in the effects of the 
anaisthetics used After about an hour following the operation, the blood-pressure 
becomes quite steady and constant and retains a fairly high level to allow the study 
of depressor responses 

In measuring the fall, the calculations Mere made by taking the percentage 
of fall from the initial le\el of mean arterial pressure The blood-pressure was 
recorded by a mercury manometer, attached to the right common carotid artery 
Although this IS not the ideal method tor registering changes of blood-pressure, it 
was selected for the comemence of its use and the ease with which changes in 
blood-pressure are measured All our experiments ivere conducted on cats weigh- 
ing between 2 and 3 kilos The anaesthetic selected ivas chloralose as it gives a 
\en good initial le\el of blood-pressure The alkaloids used were prepared by 
Merk and the base was dissohed in the minimum quantitj of hydrochloric acid 
The injections given were calculated in terms of the base The dose in all animals 
was 2 5 mg of the base per kilo ot body -weight In perfusion experiments, the 
concentrations \aned from 1—20,000 to 1—200,000 
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Graph I, hgs a and b, shows the effect of injections of cinchonine and cinclio 
nidine given intiavenously There is a well maiked and persistent fall of blood- 
pressure , the fall is fairly sudden, the .blood-pressure reaching its lowest level in 
less than half a minute, the pressure recovers gradually but never attains its 
original level The degree of fall varies according to the tone of the arterial 
system before the injection is given, the average fall, under ordinary conditions, 
is about 29 per cent (average of six observations) The spleen shows a marked 
and prolonged increase in its volume Sometimes a slight fall in the spleen 
volume is observed and this is followed immediately by an even greater rise The 
cause of the slight initial fall may be depression of the heart, for the drug reaches 
the heart before it goes to the arterioles It may be observed, however, that a 
slight initial constriction of the blood-vessels occurs when organs are perfused 
with solutions of these alkaloids before a marked dilator effect is manifested It 
IS possible that this may be responsible for the initial fall of the spleen volume 
The maiked fall of systemic blood-pressure with the simultaneous increase m the 
volume of the splanchnic area generally and spleen particularly indicates that this 
may be an impoitant factoi m producing a fall of systemic blood-pressure, since 
the hmb volume records taken simultaneously do not show any change The 
depression of the heart may also contribute to some extent, but this, as will be 
shown subsequently, is not the chief factor 

Along with the rise of spleen volume, the rhythmic movements of the spleen 
are also increased, if they are absent before the administration of the alkaloids 
they soon start after such administration Whether the increased mobility is due 
to any specific action on the part of the alkaloids or whether it is merely due to 
the distension of the organ is difficult to say It seems more probable that the 
increase m the rhythmic movements of the spleen is chiefly due to distension of 
the organ and not to any specific action of these substances Injections of other 
drugs such as organic anbmonials have also been shown by Chopra (1927) 
to increase the movements of the spleen Similarly also large quantities of norma! 
saline increase or initiate the rhythmic movements of the spleen Whatever might 
be the cause, the fact that rhythmic movements of the spleen are increased appears 
to be of some importance so far as the curative action is concerned, as the 
parasites located m that organ are thrown out into the circulation to be acted 
upon by the drug This has been shown by Chopra and Das Gupta (1928) 
to be the case with oiganic compounds of antimony when administered in kala-azar 
patients 

The marked increase in the spleen volume suggests that there is dilatation of 
the vessels of the splanchnic area In order to see whether other abdominal 
viscera showed similar increase, the volume of the intestines was recorded , it was 
found that it definitely increased after injections of these alkaloids m ordinary 
doses Perfusion of the superior mesenteric artery, as will be shown subsequently, 
produced a marked dilatation of the vessels and the venous outflow from the intes- 
tinal area \vas increased We are, theiefore, justified m concluding that the 
alkaloids produce a marked dilatation of the vessels of the splanchnic area From 
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these data it is evident that the fall in blood-pressui e produced by cinchonine and 
cinchonidine is in great part due to their dilator action on the splanchnic blood- 
vessels In order to elucidate the mechanism of this dilatation, we studied the 
different components of the vaso-motor system to determine which of them was 
chiefly affected 

The vaso-motor centre was put out of action by severing the cervical cord 
of an animal under chloralose, at the level of the 7th cervical The blood-pressure 
after this operation was lower than the normal blood-pressure level but was at a 
suffiaently high level to show the depressant action of the drugs injected Aftei 
waiting for a couple of hours the blood-pressure and the spleen volume were 
recorded and the injections of the alkaloids were given The qualitative effects 
observed on both were those usually obtained but quantitatively there was a marked 
difference The average fall of blood-pressure m the case of cinchonine was about 
12 per cent and m the case of cinchomdine it was about 7 per cent The fall m 
animals under chloralose with the centre intact was, as already observed, 29 per 
cent The rise in spleen volume after severance of the cervical cord was compara- 
tively small and sometimes absent , no increase m the rhythmic movements of the 
spleen was observed It will be seen from these observations that depression of 
the vaso-motor centre is one of the causes of the dilatation of the splanchnic vessels 
and lowering of the blood-pressure 

This method of studying the vaso-motor centre is open to objection It may 
be argued that interruption of tonic impulses from the centre will produce a 
relaxation of the tone of the arterioles which, therefore, will not respond equally 
well to depressor stimuli To study the vaso-motor centre more accurately the 
technique developed by Sollmann and Pilcher (1910) \vas adopted The limb, or 
one of the abdominal organs (kidneys), was perfused with warm oxygenated 
Locke’s solution to which defibrinated blood was added, while the nervous connec- 
tions of the preparation were not disturbed The outflow from the vein of the 
perfused limb was calculated by counting the drops emerging from the vein and 
recording them on a moving drum Graph I, figs c and d, shows the effect of 
an intra\enous injection of cinchonine and cinchonidine m such experiments It 
will be seen from the graphs that the rate of flow of perfusate is increased after 
an injection of the alkaloids shownng that a dilatation of the vessels is caused by 
depression of the centre The alkaloids m these experiments could only act 
through the vaso-motor centre since they were not reaching the perfused limb 
It has been observed before that after se\erance of the spinal cord, the fall 
of blood-pressure and the rise of the spleen volume observed after injections of 
ciiKhonme or cinchonidine were not so marked as before the section To deter- 
iniiie the part plajed by the vaso-motor nerve-endings, sufficient!} large doses of 
ergotoxin were given to paraljse them Tiie injections of the alkaloids were then 
repeated, the blood-pressure and spleen volume being recorded as before It was 
observed that the degree of fall ot blood-pressure was not so great as that 
observed after severance of the spinal cord There was no rise m the spleen 
\olume and the rh}thnuc movements of this organ were markedly decreased or 
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very often abolished altogether (Graph II, fig a) In the case of cinchonine the 
average fall of blood-piessiire was 7 per cent, while with cinchonidine it was 4 per 
cent The following table gives the variations in the fall of blood-pressure 
observed in animal under chloralose only, after section of the cord and after 
paralysis of the vaso-motor terminals with ergotoxm — 


- 

P^RCENrAOe. OP PALI, OP 
mOOD-PRESSURE 


Cinchonine 
(Per cent ) 

Cinchonidine 
(Per cent ) 

Animal under chloralose only 

29 

29 

After division of the cord in the cervical region 

12 

7 

After sufficient ergotoxm to paralyse vaso-motor nerves 

7 

4 


A perusal of the above results shows that depression of the vaso-motor centre 
as well as the terminals of the vaso-motor nerves are responsible for producing 
dilatation of the blood-vessels, after injections of the alkaloids cinchonine and 
cinchonidine 

The limb or the kidney of a cat were perfused with waini oxygenated Locke’s 
solution to which defibnnated blood was added Varying quantities of the 
alkaloids were added to the canula leading to the vessels through which pei fusion 
was being done so as to attain concentrations varying between 1 in 75,000 to 1 in 
50,000 Graph II, fig b, shows the acceleration of flow observed after an injec- 
tion of cinchonine showing that a well marked vaso-dilatation is produced The 
vaso-dilatation, however, is preceded by a slight constriction probably produced by 
the initial momentary stimulation of the blood-vessels Cinchonidine produces 
exactly similar results 

To determine the action of the alkaloids purely on the arterial system, 
exclusive of the effects on the capillaries and the veins, we perfused the superior 
mesenteric artery with warm oxygenated Locke’s solution containing defibnnated 
blood The perfusate was put in a mercury bulb witli a tightly fitting rubber 
cork at the top through which a glass-tube was passed This arrangement main- 
tains the pressure of the perfusate at a constant level and the entry of the air 
bubbles serves to oxygenate the fluid and measure the inflow A canula was in- 
troduced in the superior mesenteric artery and the intestinal attachment of the 
mesentery was cut throughout its entire length The perfusate intioduced 
through the canula, therefore, finds its way to all the minute branches of the 
superior mesenteric artery and comes out through the cut ends of the small 
arterioles Introduction of a drug in the canula will thus act only on the arterial 
system Injections of cinchonine and cinchonidine only in concentrations of 1 m 
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50,000 and more produce dilatation of the arterioles large enough to be measured 
by the acceleration of the rate of entry of air bubbles m the perfusate In one of 
the experiments, the time required for 10 bubbles of air to enter was 13 seconds 
before giving the injection and after an injection of cinchomdme it was 9 seconds, 
showing the acceleration of flow after cmchomdme Similarly after cinchonine the 
flow was accelerated With lower concentrations the effects are not so apparent 
These experiments go to show that both cinchonine and cinchonidine produce 
dilatation of the arterioles and thus produce a fall in blood-pressure This 
acceleration of flow is not observed after paralysing the vaso-motor ternunals by 
Crgotoxin, showing that the dilator action is probably brought about by the direct 
' depression of the vaso-motor nerve-endings 

Further proof of this depressant action of the two alkaloids on the vaso- 
motor nerve-endings was sought by injecting large quantities into animals and 
studying the pressor responses of exactly the same quantity of adrenalin before 
and after such an injection Graph II, figs c and d, show the effect of l[d0th cc 
of adrenalin before and after giving 34 mg of cmchomdme It W'lll be observed 
that the pressor response of adrenalin is considerably less after large doses of 
cinchonine and cinchonidine showing that these two drugs depress that mechanism 
of the vaso-motor system which is stimulated by adrenalin, i e , the sympathetic 
nerve endings Direct depression of the arterial muscle by the alkaloids may 
also play a part m reducing the pressor response, but in view of the experiments 
already cited we are inclined to believe that the chief factor is nervous and not 
muscular Rings of aorta taken from a freshly killed rabbit suspended in Fleish's 
solution contaimng defibnnated blood show only a slight diminution of tone in 
such concentration as 1 — 50,000, which are not likely to be attained in the tissues 
It wnll be seen from the experimental data given above that both cinchonine 
and cinchonidine produce a fall of blood-pressure mainly by (1) dilatation of the 
arterioles due to the depression of the vaso-motor centre, and (2) the depression 
of the vaso-motor nerve-endings All the cinchona alkaloids are known to be 
protoplasmic poisons and so may act directly on the musculature of blood-vessels 
and depress it Perfusion experiments after ergotoxin, however, go to show that 
this depressant action on the muscle fibres of the blood-vessels does not come into 
action even m such high concentrations as 1 in 10,000 and, therefore, in all pro- 
bability does not play any part when ordinary doses are given 

A study of the vaso-motor system will be incomplete without studying the 
leins and the capillaries We observed the effect of these alkaloids on the 
capillaries by direct observation under the microscope in the omentum of frogs 
and cats, but the disada antages of such a procedure are obvious Injection of the 
alkaloids into the circulation depresses the heart and slows the moaements of the 
er}throc>tes through the capillaries giving an impression that the capillaries are 
dilated Small changes m the calibre of the capillaries are difficult to observe 
under the microscope Application of different concentrations of the alkaloids 
e\en so high as 1 in 20,000 directly to the capillaries did not show' any appreciable 
change in the diameter of these ^esseIs 
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The record of venous pressure likewise presented many difficulties Ligature 
of a vein and taking the pressure by a canula directed against the blood-stream is 
not the correct way of recording the venous pressure as the occlusion of the vessel 
gradually increases its pressure till an equilibrium in the vein, the capillaries and 
the neaicbt arterioles is established We, therefore, recorded the venous pressure 
in the following way — 

A canula was introduced in the femoral vein directed towards the heart and 
was connected to one limb of a U tube, the other limb being connected with a 
recording tambour Before establishing the connection, however, the U tube was 
filled with weakly citrated saline and the pressure allowed to adjust itself Any 
change in the venous pressure would thus be recorded by the saline going into 
the vein or the blood entering the canula Introduction of the canula in the 
femoral vein, lower down in the thigh, would not only record the pressure m the 
veins above the seat of canula m that limb but would also give an indication of the 
venous pressure on the opposite side The rise or fall of venous pressure was 
recorded on a moving drum In our series of experiments we observed that 
cinchonidine and cinchonine given m ordinary doses do not produce any appreciable 
change in the venous pressure 

The marked dilatation of the arteiioles pioduced by these alkaloids might sug- 
gest tliat the venous pressure would rise It is difficult to explain the absence of any 
change in the venous pressure although the arterial pressure suffers such marked 
changes Most probably the " capacity factor ’ as pointed out by Bayliss, prevents 
any change in the venous pressure to be appreciated The wide dilatation of the 
vessels locates a good volume of the blood in their lumen so that although the 
arterial blood-pressure falls considerably the venous pressure remains unaltered 

The changes in the venous flow are usually measuied by recording drops of 
blood emerging from the cut end of a vein This procedure involves a certain 
amount of bleeding which undoubtedly vitiates the results Experiments were, 
therefore, devised which necessitated comparatively slight bleeding from the veins, 
necessary compensation being made by introducing warm normal saline into the 
circulation In studying the venous outflow of a peripheral area (eg, a limb), 
the rate of flow of blood through a tributary of the femoral vein coming from 
the adductor muscles was measured The vein itself is too small to allow intro- 
duction of a canula and the difficulties of clotting are great The femoral vein 
was, therefore, ligatured above and below the junction of the said tributary and 
two canulse were introduced both directed towards the heart, one a little below 
and the other just above the tributary Through the distal canula citrated saline 
was run at a constant pressure at a fixed rate and the outlet from the proximal 
canula was measured The outflow consisted of the citrated saline and the blood 
from the vein coming from the adductors As the saline flow was constant any 
change in the rate of flow was due to increased flow of blood through the vein 
We found by tins method that after usual doses of cinchonine and cinchonidine 
there was no appreciable change m the venous flow of the peripheral area Similar 
experiments conducted on the venous flow of the splanchnic area (the intestines), 
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however, showed that venous outflow from the splanchnic veins is increased, 
after cinchonine and cmchomdine 

In all the above experiments only one observation \%as taken in one animal 
and the changes recorded m as little time as possible to obviate any error due to 
loss of blood The loss in all cases was very small as only a small vein was 
allowed to bleed The bleeding by itself never produced any change in the 
systemic blood-pressure as shown by the carotid tracings The increase of flow 
of venous blood in the splanchnic area and the absence of any change in the peri- 
pheral area (eg, limb) show that the dilator action is chiefly mamfested in the 
splanchnic area and not in the peripheral 

Changes in the nulmonar)'- circulation were studied by recording the pressure 
in the pulmonarj artery This is the only instance where the action of the two 
alk-aloids differed Graph II, fig c, shows the effect of an injection of cinchonine 
and Graph II, fig f, that of cmchomdine on the pulmonary pressure While 
cmchomdine produces a distinct fall m the pulmonary pressure, cinchonine raises 
It, sometimes very markedly This difference is probably due to the difference of 
action of these two drugs on the heart as pointed out by Chopra and others ( 1928) 
Cinchonine stimulates the auricles while cmchomdine depresses it and this stimula- 
tion may account for the increase in the pulmonary pressure in the case of 
cinchonine 


SUMMARY 

The experiments given above indicate that the fall of blood-pressure after 
ordinary doses of cinchonine and cmchomdine is produced by the depression of 
(1) the vaso-motor centre, and (2) vaso-motor nerve-endings The effect is mainly 
mamfested in the splanchnic area as shown by the rise in the spleen volume and 
increased venous outflow of the splanchnic veins These alkaloids when perfused 
into a limb dilate its arterioles, but its volume and the outflow from its veins are 
not markedly affected This difference in action is perhaps due to such compen- 
sation effects as are brought about reflexly m the Loven reflex The wide dilata- 
tion of the splanchnic blood-vessels will constrict the peripheral blood-vessels to 
some extent so that the dilator effect of the drags on the peripheral circulation is 
compensated for Thus although perfusion experiments show the dilator response 
markedl>, the same results are not obtained in the intact animal, where the volume 
of the limb or the venous outflow of the limb is recorded 

CONCLUSIONS 

(1) The alkaloids cinchonine and ciiichonidine, gi\en in doses of 2 5 mo- 
per kilo bodj-weight, produce a fall of blood-pressure and dilatation of the blood- 
vessels ot the splanchnic area 

(2) Ihis dilatation is due to depression of (a) the vaso-motor centre, and 
{b) ot the vaso-motor nerve-endings Direct depression of the muscle fibres of 
the vessel is not an important factor 
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Action of Cinchonine and Ginchonidine. 


(3) Perfusion experiments show that the peripheral blood-vessels such as 
those of the limbs are also dilated 

(4) Pulmonary pressure is increased by cinchonine and lowered by cinchoni- 

dme 

(5) Venous outflow m the splanchnic area is increased while in peripheral 
area (limbs) it remains unaltered 
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iCertain aspects of this subject, eg, the eftects of variations in the nature 
of soil, time and temperature of incubation, etc , on the luxuriance of bacterial 
growth, have been dealt with in detail by Norris {Ind Join ]\Ied Res , Vol VII, 
p 53:6) 

The experiments desciibed in this communication were designed to determine 
the effects of factors, other than the nature of soil, winch are responsible foi 
variations — sometimes veiy marked indeed — m the total bacterial yield 

By growing organisms undei exactly identical conditions and altering one 
variable only at a time, results have been obtained which are interesting enough 
to warrant publication 

Relation of amount of seed to Bactciial Yield 

Douglas agar plates of 20 sq cm area were seeded with B typhosus — 
amount of seed varjmg from 100 organisms to 15,000 million organisms Seed 
was suspended m 0 4 cc of normal saline Bacterial jield was determined after 
2-1 hours’ incubation at 37 °C 

There is a steady increase m jield up to 30 millions, beyond this limit 
inci easing the amount of seed makes no difference to the total jield Fifteen 
tliousand millions yield exactly the same growth as 30 million in a soil area of 
20 sq cm , thickness of medium being constant 

Provided the quantity of seed for a given soil area is not below a certain 
hunt, the total jicld resulting trom increasing the amount of seed for that area 
remains constant No beneficial effect is, therefore, obtained by increasin'^ the 
seed bejoiid certain limits when tlie soil area is kept the same ^ 

( 231 ) 
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Note on Cettain Factois In-Jluencing Bactenal Gtoivtli. 


TABi.e I 


See Chart 1 


Seed 

(Number of organisms ) 


100 

1,000 

10,000 

500 thousand 
1 million 
10 millions 
•• 

40 „ 

SO 

100 „ 

1,000 „ 

15.000 


Yield 

(Number of organisms ) 


ft 

It 


Discrete colonies 
Confluent colonies 
20 thousand millions 
2? „ 

37 „ 

40 „ 

64 „ 

» 

69 

69 „ 

69 „ 

69 

69 .. 


ao 

70 . 

60 ■ 

50 - 

-40 • 

30 - 

20 - 

10 - 


i 

I 


Chart 1. 



Relation of thickness of soil to Bactenal Yield 
By keeping the soil area constant and increasing the thickness of soil a 
marked increase results in the total yield, as is evident from Chart 2 0 2 cm 



Yield in milligrams 
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Tabi,^ II See Chart 2 


Soil area = 26 4 sq an 


Medium in c c 

Thickness m cm 

Yield in mg 

10 

0-2 

36 

12 

0-25 

38 

14 

0*32 

40 

IS 

0*35 

42*7 

17 

045 

SO 

19 

0*55 

57*5 

20 

0r6 

60 

22 

0*62 

618 

24 

0*64 

63 5 

25 

0*65 

64 

27 

0*68 

65 . 


Chart 2 



2H4 Note on Co fain Facfois Injluencmrj Bactoial Giowth, 

tlDckness of soil gives a total yield of 36 nig after 24 hours’ incubation at 37‘’C 
If the thickiic'^s IS iiicieased to 0 6 cm, the total yield increases to 60 ing — an 
inclement of 24 mg m a sod area of 26 4 sq cm 

This incicase in yield, however, can be obtained only up to a certain limit, 
beyond that limit thickness of sod has no effect on increasing the yield, provided 
of couise, sod aiea is kept constant 

Tabi,t: III See Chart 3 


Medium in c c 

Thickness m cm 

Yiefd in mg 

10 

0*2 

36 

15 

0-35 

42-7 

20 

0-6 

63 

25 

0*65 

63 9 

30 

! 08 

67 5 

32 5 

085 

675 

35 

0*9 

675 

37 5 

10 

67 5 

40 

102 

675 

42-5 

105 

675 

45 

1 1 

67 5 

50 

12 

675 

55 

13 

67 5 

57 5 

15 

67 5 


Although increase in yield can be obtained by increasing the depth of 
medium, it must be realized that the total quantity of medium employed is also 
considerably increased in order to obtain the desiied increase m thickness The 
question arises whether it is economical to take advantage of this thickness factor 
in increasing the giowth 

The quantity of medium required to produce a thickness of 0 2 cm in 
26 4 sq cm sod area is 10 c c , the amount required to produce a depth of 0 6 cm 
is 20 c c , 1 e , twice as much Now if the yields resulting from these different 
quantities of the same medium be compared, it is evident that 

Ten c c of agar with a depth of 0 2 cm yield 36 mg of bacterial growth, 
while 20 c c of agar with a depth of 0 6 cm yield 63 mg of the same growth, i e , 
less than double 



Yield in milligrams 


M L Alncja 

Chart 3 


235 



Thickness m centimetres 

Increase in yield can he obtained by increasing the depth of soil but it is not 
an economical factor to take advantage of 

Relation of atea of soil to Bactcnal Yield 
Twenty c c of agar were spread over an area of 20, 27 5, 30, 37, 40 and 
45 sq cm Each plate was seeded with the same amount of seed and the yield 
determined after 24 hours’ incubation at 37°C 


Table IV See Chart 4 


Agar 

Area 

Yield 

20 cc 

j 

20 sq on 

43 mg 

20 

27 5 „ 

516 „ 

20 „ 

30 

60-2 

20 „ 

37 „ 

6S-8 „ 

20 „ 

40 , 

75 „ 

20 „ 

•Is ,1 

75 „ 


The quantity of medium employed in both cases being the same, the yield 
from 20 sq cm area is 43 mg whereas it is 75 mg from an area of 40 sq cm 

Bacterial jield is considerabl) more when a gi\en quantity of agar is spread 
o\er a bigger soil surface This is also true up to a certain limit, for if the 
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Chart 4 



Area m square centimetres 

area is increased too much, continuous film of growth gives place to confluent 
and discrete colonies and the whole of the soil area is thereby not utilized by 
the oiganisms employed as seed 

Relation of amount of menstruum to the total Bacterial Yield 
Douglas agar plates of the same soil area and same thickness were seeded 
with the same amount of seed — more than the optimum — suspended m various 
amounts of normal saline Yield was determined after 24 hours’ incubation 
at 37°C 

Tabpb V See Chart 5 


Alenstruum 

Yield 

O'OS cc 

17 2 mg 

0*1 » 

220 „ 

0*2 „ 

24 8 „ 

0*3 „ 

260 „ 

0*4 „ 

18:8 „ 

0-s „ 

18*0 „ 

0*6 „ 

172 „ 

0*8 „ 

160 „ 

1*0 „ 

140 „ 

12 .. 

11*2 „ 
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As IS evident from the accompanying table and Chart 5, bactenal yield is 
influenced to a very marked degiee, by the amount of fluid in which the seed 
IS suspended There is a steady rise m the total yield up to the use of 0 3 c c 
of saline but bejond this limit the jield becomes less and less as tlie amount of 
saline increases 0 3 c c of saline may, therefore, be taken as the optimum 
amount of menstmum which gi\e5 the maximum growth in a soil area of 
20 4 sq cm 

As a matter of fact 0 3 cc of saline is just enough to co\er 20 4 sq cm 
of soil area comfortabh and no more 0 4 and 0 5 cc or oaer leaves the soil 
area more or less drenched owang to excess of fluid, and the resulting yield 
J. MR 16 
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IS consequently not a continuous film of growth, but a moist unseeded looking 
aiea m some paits of the plate and a fairly uniform growth in others 

If the fluid IS m excess, not only is the soil surface not utilized completely 
but the actual seed is wasted, owing to its being in suspension in that excess 
Consequently owing to loss of seeding surface and also the seed, the yield is poor 
To get the maximum effect one must pay as much attention to the menstruum 
as to the amount of seed 

Similar experiments have been earned out making use of agar lined roll 
bottles with practically identical results Each bottle was lined with 100 cc of 
casein Douglas agar, seeded with the same quantity of seed and incubated for 
24 hours at 37°C Bacterial yield was estimated by Brown’s opacity method 


Tabli: VI 


Seed 

Saline 

Bacterial Yield 

1 cc 


25 6 mg 

1 

1 cc 

336 „ 

1 

2 

264 „ 

1 

3 „ 

216 „ 

1 » 

= 4 „ 

20-4 „ 

1 „ 

5 

16*8 „ 

1 „ 

6 „ 

20 . 


7 „ 

18-0 „ 

1 

8 „ 

18 „ 

1 » 

9 „ 

172 „ 


Summary 

Influence of certain factors, eg, amount of seed, depth and area of soil, 
etc , on the total bacterial yield has been investigated 



A PEELI]\IINARY NOTE ON THE ANTIGENIC VALUE OP 
A BACTERIAL VACCINE 


BY 

IviCuT M L AH\J]A, MP, c\iB, lAis, 

Central Rescajch Institute, Kasauli 

[Received for publication, April 11, 1929 ] 

Contents 
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Cuetural details — 

(a) Organisms used 

(b) Agglutinable emulsion used for the estimation of ‘heat labile’ and 

‘ heat stable ’ agglutinin titre 
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Agglutination tests with iuvbbit sera {Eipts I — VI) 

Agglutination tests with sera of typhoid cases {E\pt VII) 

IaIAIUNITY EXPERIMENT (£ I />f VIII) 

An \lysis op results 


Introduction 

During typhoid infection in man the immumty response shows a fairly close 
parallelism to the appearance and content of typhoid agglutinins in the patient’s 
serum The works of Weil and Felix (1920), Burnette (1924), Bruce White 
(1926) and seieral others m recent years, show that two kinds of antigens are 
contained in the organism, the laLilotropic or ‘ heat labile ’ and the stabilotropic 
or ‘ heaf stable ’ These are demonstrable as large flaking or ‘ floccular,’ and 
small flaking or ‘ granular ’ agglutinins respectiA elj , and are probably associated 
with the rough and smooth Aariants of the organism This subject of bacterial 
A’anation is of vital importance in the manufacture ot Aacanes, particularly 
so m the case of Army TAB Aaccine, Aihere each one of the three members is 
supposed to hare at least two, and possibly' four, vanants, each ATinant probably' 
possessing a markedly different antigenic and immunologic \alue than the other 

( 239 ) 
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Note on Antiqenic Value of Bactenal Vaccine. 

In view of the opinion maintained by Felix (1924), that it is only the heat 
stable agijlutinogens of the smooth \auant wdiich arc responsible for protection 
against typhoid, one naturally feels char>— provided the contention be true- 
m sending out a prophylactic vaccine, which does not give rise to such heat stable 
agglutinins m the sera of immunized subjects 

The experiments desciibed in this aiticle were designed to determine (a) the 
antigenic and mimunizmg \alue of the typhoid portion of the Army TAB 
vaccine and (Z/) the influence of vaiiation m nutritional media on its antigenic 
response 

Different workers lay stress on different types of anti-bodies as being respon- 
sible for defensive mechanism Some attribute it to the opsonms, others to 
agglutinins and Inemolysins, and others, again, to complement deviating bodies 
The actiud part played by agglutinins in a serum, as defensive factors, is still a 
very moot point neveitheless such production may be accepted as the index 
of antigenic properties of a vaccine 

In the present investigation antigenic value has been measured by agglutino- 
genic response only. 

CUI.TURAI, di:taii.s 

(a) Organisms used 

1 B typhosus ‘smooth' (Rawlings), the same as is actually used for the 
production of the typhoid portion of T A B vaccine in the Central Research 
Institute, Kasauli 

2 B typhosus ‘ smooth' (Mrs S) 

3 B typhosus ‘ rough' (Mrs S) 

(Zi) Agghitinahle emulsions — The emulsions used for estimating the 
‘ floccular,’ or heat labile, content of immune sera were prepared according to 
Oxford University method, le, by growing the strain m broth for 24 hours, 
killing It by 0 1 per cent formalin and leaving it in a cold chamber for about a 
week, shaking it about three or four times a day in the intervals 

‘ Granular ' content of the immune sera was estimated by using alcoholized 
suspensions of a strain, sensitive enough to demonstrate heat stable agglutinins 
A strain of B typhosus, called 8 ‘ o,' was kindly lent to me by Major R F Bndges, 
Commanding Enteric Convalescent Depot This was found to be the most 
sensitive of all the available strains and was consequently employed in the pre- 
paration of alcoholized emulsions which were prepared as follows — 

An 18 hours’ growth of B typhosus on Douglas agar slopes was mixed with 
20 c c of absolute alcohol in a vaccine bottle containing sterile beads After 
a couple of hours shaking in a mechanical shakei, the bottle was left at room 
temperature for 24 hours when the supernatant alcohol was pipetted off and the 
rest allowed to evaporate in the incubator at 37° C Sterile doubly distilled water 
was then added to the dried organism and the solution standardized to contain 
1,300 million organisms per c c according to Brown’s opacity method 

(c) Technique — Dreyer’s technique of agglutination has been employed 
throughout the study 
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(d) Preparation of vaccines — ^Killed and carbolized cultures have been 

employed as the vaccine The same strain of organism was grown on mutton, 
beef, casein and non-autoclaved ‘filtered' mutton agar for 24 hours, the growth 
was emulsified in 25 c c of normal saline, heated at for 30 minutes, car- 

bohzed to the extent of 0 5 per cent and standardized according to Brown’s 
opacity method After having tested the sterility of tire vaccines thus prepared, 
both serobically and anierobically, 100 million organisms per kilo of body-weight 
were injected into rabbits (a) intravenously and (b) subcutaneously as the first 
dose A second dose of 200 millions was injected after 6 days’ interval by the 
same routes 

(e) Bipcrniieiital animals — The ammals used for the immunity experiments 
have been large healthy young rabbits of both sexes free from any Msible signs 
of disease None of them had ever been emplojed for any experimental work 
before Only those whose sera when tested were found to be free from natural 
agglutinins to B typhosus were actually used 


Expcrimpnts I TO VI 

Experiment I — Rabbits Nos 1, 2, 3 and 4 were given intravenous injection 
of B txphosus ‘smooth’ (Rawlings) vaccine and their floccular titre 
determined at the end of the 6th and 12th day after the administration of the 
1st dose {Sec Table I ) 

Experiment II — ^Rabbits Nos 5, 6, 7 and 8 were giren mtra\enous injection 
of B tyfhosits ‘smooth’ (kirs S ) vaccine and their floccular titre determined at 
the end of the 6tli and 12th day after the administration of the 1st dose 

Experiment III — Rabbits Nos 9, 10, 11 and 12 were guen subcutaneous 
injection of B typhosus smooth (Rawlings) vaccine (See Table III ) 

Experiment IV — Rabbits Nos 13, 14, 15 and 16 were guen subcutaneous 
injection of B typhosus ‘smooth’ (Mrs S) vaccine {Sec Table IV) 

Media emplo^ed for preparation of typhoid vaccine for injection into — 

Rabbits Nos 1, 5, 9 and 13 Douglas agar containing hydroljsed product 
of beef as the basis 

Rabbits Nos 2, 6, 10 and 14 Douglas agar containing hydrolysed product 
of autoclaved mutton as the basis 

Rabbits Nos 3, 7, 11 and 15 Douglas agar containing hjdrolysed product 
of non-autocla\ ed mutton as the basis 

Rabbits Nos 4, S, 12 and 16 Douglas agar containing hjdrolysed product 
of casein as the basis 

E X ptriniciit V — Incorporates the results of agglutination tests for the ‘ heat 
stable ’ or small flaking, graiiuhn content of immune sera of Rabbits Nos 6, 7, 8 
and 13, 14, 15 and 16, immunized with B typhosus ‘smooth’ (iirs S ) vaccine 
(S'tc- Table V ) 

Experiment \'I — Rabbits Nos 17, 18, 19 and 20 were guen mtra\enou 3 
injection of a ‘ rough’ t>phoid %acciue (Mrs S rough strain) and their floecular 
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and granulai title estimated at the end of the 12th day after the administration 
of the 1st dose (Sec Table VI ) 


TAnr^c V 


Aggliituiatioii tests ivith Rabbit so a employing B typhosus ^Smooth' 

(Mrs S ) Vaccine 


Rabbit No 

Nature of 
medium 

Vaccine 

R 6 

Mutton 

B typhosus 

‘ Smooth ’ 
‘Mrs S’ vac- 



cine 

R 7 

‘Filtered’ 

Do 


mutton 


R 8 

Casein 

Do 

R 13 

Beef 

Do 

R 14 

Mutton 

Do 

R 15 

‘ Filtered ’ 

Do 


mutton 


R 16 

Casein 

Do 


Route of 
administration 

Granular Agglutination Titre 

2 hrs at 55‘’C 
m water-bath 

4 hrs at 5S°C 
in water-bath 

Intra\enous 

+++ 1 250 

+ 1 1230 

Do 

+++ 1 250 

++ 1 SOO 

Do 

1 1 250 

4 .^ 4 . 1 250 

Subcutaneous 

^ i 250 

+ 1 SOO 

Do 

1 250 

4 — 1 — f- 1 250 

Do 

H — (“4" 1 250 

44.4 1 250 

Do 

+++ 1 250 

4 1 500 


— = No agglutination 

d — 1 — 1“ = Total niiinis agglutination of Dreyer 

++ Z » ” » 

"}- — Trace ,, 


Tabi,c VI 


Agglutination tests zmth Rabbit so a employing B typhosus ‘ Rough’ 

(Mrs S ) Vaccine 


Rabbit No 

Nature of 
medium 

V aceme 

Route of 
administration 

Type of agglu- 
tination 

Agglutination 

titre 

R 17 

Beef 

B typhosus 

Intravenous 

! Floccular 

4-+-I-I 12500 

' Rough ’ 

‘Mrs S’ vac- 


Granular 

ml 



cine 



! 

R IS 

Mutton 

Do 

Do 

Floccular 

i -f -41 25000 



Granular 


R 19 

Casein i 

Do 

Do 

Floccular 




Granular 

1 nil 

i 

R 20 

‘ Filtered ’ 

Do 

Do 

Floccular 

■ 444 1 5000 

mutton 


! 

Granular 

1 ml 


— = No agglutination 

= Total minus agglutination of Dreyer 
4--}- = Standard „ i, >1 

— Trace n j> » 
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Experiment VII Aggeutination Test with sera oE Typhoid Cvses 
It would perhaps be of interest to give the agglutination results of sera of 
patients convalescent from typhoid fever, in order to give an idea of the ‘ heat 
stable’ agglutinin content, following actual infection with B typhosus In every 
one of these cases, the causal organism was isolated from blood, fjeces or urine 
Heat labile agglutinins could be demonstrated in all the twelve cases examined 
In some cases the titre was as high as 1 5000, m others as low as 1 250 Heat 
stable agglutinins, on the other hand, could only be demonstrated irl 25 per cent of 
convalescent cases, the highest titre in the positive cases being 1 125, the lowest 

1 50 It IS, however, possible that in a considerable percentage of cases, the 

appearance and content of heat stable agglutinins in the blood of patients may be 
influenced by the climcal course of the disease One may, therefore, attribute tins 
comparatively low figure to the fact that the sera were taken from convalescent 
cases and not from patients actually suffering from an attack of typhoid fever 

TabeE VII 


Agghilinaiion tests with typhoid convalescent sera 


Convalescent 

No 

B typhosus 
isolated 
or not 

Floccular 
agglutination 
titre 2 hrs at 
55° C in 
vater-bath 

Granular Agglutination Titre 

2 hrs incuba- 
tion in vater- 
bath at 55°C 

4 hrs incuba- 
tion m water- 
bath at 55° C 

4 hrs incuba- 
tion in water- 
bath at 55°C 
Reading taken 
24 hrs later 

11 

Isolated 

+++1 

2500 

+++ 1 

25 

+ 1 

125 

+ 1 125 

12 

Do 

+++1 

250 

nil 


ml 


ml 

13 

Do 

++1 

5000 

ml 


ml 

1 

ml 

14 

Do 

++ 1 

2500 

ml 


ml 


ml 

15 

Do 

+++1 

2500 

ml 


nil 


ml 

27 

Do 

+++1 

250 

nil 


++ 1 

50 

++ 1 50 

2S 

Do 

+++1 

500 

mi 


ml 


nil 

29 

Do 

+++ 1 

5000 

+++ 1 

25 

+++ 1 

50 

+++ 1 50 

30 

Do 

— \- 1 

250 

ml 

1 

ml 

1 

ml 

31 

Do 

+ 1 

500 

ml 


ml 


ml 

34 

Do 

+ +1 

5000 

ml 


ml 


ml 

35 

Do 

+++1 

250 

ml 


ml 


ml 

i 


— = No agglutination 

+— T = Total minus agglutination oi Dre\er 
-r+ = Standard 
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Note Oil AiitigeiUG Value of Bactenal Vaccine 


Immunity ExtUrimunt {Sec Table VIII ) 

The following cxpeiiment was carried out to determine the extent of actual 
protection afforded against infection with B typhosus by the use of typhoid 
vaccines 

Having determined the minimum lethal dose of B typhosus for rabbits, 
a test dose of live organisms was injected intravenously into all the immunized 
rabbits, four weeks after the last dose of vaccine had been given A series of 
non-vaccmated, noimal rabbits were given the same dose, and the results compared 
Test dose 24 hours old broth culture of B typhosus ‘ smooth' (Mrs S ) 
Minimum lethal dose = 0 9 c c per kilogram of body- weight 
Doses injected 

1 minimum lethal dose 

15 „ „ doses 

2 

» 

2 ^ 

^ ^ ft 

Tabup VIII 


Protection following mmiimoation xvith typhoid vaccines 


Rabbit No 

Weight 

Vaccine 

Route of ! 
immunization 

Test dose 
per kilo 

Remarks 

R 6 

1,270 grms 

B tvphosns 

‘ Smoolh ’ 
‘Mrs S’ 

Intravenous 

1 M D D 

Alive 

R 7 

1,450 

Do 


IS M L D 

Alive 

R 8 

1,430 „ 

Do 


2 M L D 

Alive 

R 13 

1.470 

Do 

Subcutaneous 

1 M D D 

Alive 

R 14 

1,500 „ 

Do 


IS M D D 

Alive 

R IS 

1,600 „ 

Do 


2 M L D 

Alive 

R 16 

1.770 „ 

Do 

• 

25 M L D 

Died 

R 17 

1,400 „ ! 

B typhosus 

' Rough ’ 

•Mrs S’ 

Intravenous 

1 M L D 

Alive 

R 18 

1,660 „ 

Do 


15 M L D 

Died 

R 19 

1,530 „ 

Do 


2 M L D 

Alive 

R 20 

1,550 „ 

Do 

)) 

2-5 M L D 

Alive 

Control 1 

1,360 „ 

No vaccine 


1 M L D 

Died 

Control 2 

1,470 

Do 

• • 

2 M L D 

Died 

Control 3 

1,520 „ 

Do 

• • 

2-4 M L D 

Died 
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Intravenous inoculation of 24 hours broth culture of B typhosus ‘smooth," 
into immunized and non-immunized rabbits, four weeks after the last dose of 
immunizing vaccine 


Analysis oJ’ results 

Heat labile, ‘ Flocculai ’ content of immune seta — ^Analysis of the tabulated 
results of Experiment I shows that so far as can be judged from the small 
number of animals used, intravenous senes, beef vaccine gives the highest 
‘floccular’ agglutination titre, next comes autoclaved mutton, then non-auto- 
claved mutton and lastly casein vaccine 

Experiment II practically confirms the high agglutmogenic value of beef 
vaccine, though unfortunately rabbit No 5, vaccinated intravenously with beef 
vaccine, died a couple of days before the second specimen of its immune serum 
could be obtained Mutton (non-autodaved) comes next, while casein and auto- 
claved mutton show practically the same floccular titre 

In the subcutaneous series — ^Experiment III casein vaccine gives the highest 
floccular titre, beef and mutton vaccines are practically identical This sudden 
rise of agglutinins in rabbit No 12, vaccinated subcutaneously with casein vacane, 
IS probably the result of individual peculiarity of the animal, as is quite a common 
occurrence in experimental work In Expenment IV, beef, mutton and casein 
vaccines, administered subcutaneously, cause practically the same floccular 
response, while non-autoclaved ‘ filtered ’ mutton shows the highest titre 

Heat stable, ‘ gtanular’ content of immune sera (B ipcriment V See 
Table V) — Subcutaneous or intravenous immunization of rabbits with killed 
typhoid vacanes stimulates the production of heat stable agglutinins, provided a 
‘ smooth ’ strain is employed in the preparation of vaccines 

As compared to the heat labile content, the titre of heat stable agglutinins 
m such immune sera is considerably less It can, however, be easily demonstrated 
by using a sufficiently sensitive strain in the preparation of alcoholized emulsions 
The route of admimstration of vacane, whether subcutaneous or intravenous, 
makes no appreciable difference in increasing the granular titre 

‘ Flocciilai ’ and ‘ gianulai ’ title of seta of rabbits immunised intravenously 
xif/t a tough typhoid zaccine {Expenment I' 1 See Table VI) — Experiment 
VI gives the results of intravenous injection of a ‘rough’ typhoid vaccine pre- 
paied from ‘Mrs S’ rough strain, grown on beef, mutton and casein media 
Whereas a very high floccular titre is obtained by means of this vaccine in all 
the four rabbits, none of them shows even a trace of heat stable agglutinins, in 
dilutions as low as 1 j 12 5 with a smooth alcoholized emulsion 

Protection follozoing zaccination — It is unsafe to draw any definite conclu- 
sions trom a smaller number of experiments The tollowang are, however, pub- 
lished with a view that, when combined with the results of other investigators 

m the same field, they maj prove useful in solving a more or less debatable 
problem 
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Note on AntifjeniG Value of Badenal Vaccine. 


By using- labbits as expennicntal animals a ceitain amount of protection can 
be demonstiatecl m subjects immunized with typhoid vaccines Whereas non- 
vaccinated rabbits die with one M B D , vaccinated rabbits survive after U and 
2 M Iv doses Route of administration of vaccine, whether intravenous or 
subcutaneous, makes no appieciable difference m the extent of protection afforded 
1, 11 and 2 M L doses protect the intravenously immunized rabbits to the 
same extent as the subcutaneous senes 

It cannot be concluded from the above expeiinient that vaccines prepared 
from the rough strains give little or no protection It was, however, noted that 
whereas rabbits immunized with a smooth strain did not look very ill after the 
test dose, those immunized with the rough vaccine looked decidedly more seedy 
and ill 


Summary 

Typhoid portion of the Army TAB vaccine has been investigated regarding 
its antigenic and immunizing value It has been found to be capable of producing 
both heat labile and heat stable agglutinins in the sera of immunized labbits 

Increased resistance to infection (with B typhosus) following immunization 
has been demonstrated m the case of vaccinated rabbits 

I am highly indebted to Major R F Bridges, r a m c , Commanding Enteric 
Convalescent Depot, foi his very kindly supplying me with sera of known cases 
of typhoid fever and strain Ty S ‘o ’ 


Wfiir and Fclix (1920) 
Idem (1924) 

Burncttb (1924) 

BrucC Whitc (1926) 


REFERENCES 

Ztschi f immnmtaisfoisch, Baktericngeissem, 29, 24 
Jout Itiimimology, Vol 9, p 190 
Blit Join B\p Path ,Yo\ 5, p 251 
Mtd ResLinch Council Senes, No 103, p 40 



GERMICIDAL FILTRATION AND ITS APPLICATION IN 
THE IMANUPACTDRE OP MEDIA 


BY 

Lieut M L AHUJA, m d , di b , i m s , 

Cenfial Research Institute, Kasault 

[Received for publication, March 5, 1929 ] 

I 

Ik the preparation of nutrient media, autoclave sterilization has so far been 
an almost indispensible factoi Products of hydrolysis of mutton, beef, etc, 
have to be subjected for varying periods, to temperatures of 120° C or 130° C , 
to clear and sterilize tlie media 

In doing so, however, some of the essential properties of these nutritional 
products must be inevitably lost Because of this and the possibility of achieving 
an economic result in the manufacture of media, and consequently vaccines, an 
experiment was undertaken to prepare a medium, in which heat sterilization of 
the nutrient material was done away with, and secondly to compare the yield 
on this medium with that obtained from the same, but autoclaved medium 


Piepaiation of medium 

Ordinary double strength Douglas broth was prepared, employing mutton 
as the basis — no autoclave sterilization, however, being employed at any stage 
After having adjusted its reaction to pH 7 6, it was strained through filter 
paper and the filtrate passed through a sterilized asbestos filter, into a \acuum 
flask, connected to a Geryk pump, capable of producing a pressure of at least 
20 lbs The filtrate was then mixed asepticallj with equal quantities of 6 per cent 
agar suspension and tubed or plated as desired 

An easier and equall> efficient substitute to use in place of 6 per cent a'mr, 
IS desiccated agar-agar jell> which offers no difficulty in dissoKing m water, tnd 
has the additional merit of not requiring to be filtered m order to gi\e a clear 

medium (For preparation, sc^ Cunningham, Indian Journal Medical Research 
1918, Volume XIV ) 


( M7 ) 
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The Maiiufactiu G of Media 


Cojiipanson of bactoial yield on beef, mutton and casein Douglas agar with 
special lepeiencc to non-autoclavcd {filtered) mutton agar 
Keeping the seed, soil area, thickness of inediuin and time and temperature 
of incubation constant, beef medium yields the best growth as compared to the 
lest Next in order comes non-autoclaved ‘filtered’ mutton agar, then casein 
and lastly autoclaved mutton 
































EXPERIMENTS TO NOTE THE LARVICIDAL EFFECTS, IF 
ANY, OF SODIUM NITRATE, POTASSIUM NITRATE, 
AND MAGNESIUM SULPHATE IN NATURAL 

WATERS 

BY 

]Miutar\ Assistant Surgeon E S FEEGRADE, 

Harcoiut Butler Institute of Public Health, Rangoon 

[Received for publication, March 12, 1929 ] 

These experiments were earned out at the suggestion of the Director, 
Harcourt Butler Institute of Public Health, with a view to ascertaining whether 
any special salts, commonly found m water in Nature, have any deterrent or 
larvicidal qualities, either alone or in conjunction with each other 

Water for these experiments was obtained from the tank north of the 
Harcourt Butler Institute of Public Health, Rangoon, and before commencing 
the expenments a sample was analysed at the end of April 1928, and thereafter 
experiments were conducted from the beginning of May 1928 to about the middle 
of June of the same year The analysis, shown in parts per 100,000, was as 
follows ~ 


Silica and insoluble matter 

0 08 

Oxide of iron and alumina 

1 12 

Calcium carbonate 

4 36 

Magnesium „ 

1 49 

Sodium „ 

0 91 

„ cliloride 

8 07 

„ sulphate 

3 78 

„ nitrate 

0 48 

Organic matter 

1 11 


Mature larvie of Aedcs argentciis were used, and the water was always taken 
from the same spot in the tank,— the quantitv used m all these experiments bem» 
1,000 c c in glass jars 

A graduated increase of potassium nitrate from 0 2 to 25 grammes, added 
to the water, produced no fatal results, — on the contrary, the lar\:e went on to 

( ^^9 ) 
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Laivictdal Effecls of Salts ui Natiual Wateis 


pupation, and even when the ma\mnim quantity of 30 gi amines was reached, the 
lethal eftect on larvae was spread o\ev a pcuod of 48 hours 

Thereaftei, as a separate expeiiment, sodium nitrate as in the case of potassium 
nitrate, — the same measuies being employed, — was added up to 30 grammes with- 
out having the least effect on the larvae, and as the salt was obviously present m 
greater excess than would be the case m nature expeiiments to asceitam the 
minimum lethal quantity were discontinued 

Next, a combination of both these salts was consideied, and the comparatively 
small quantity of 10 gi amines of potassium nitrate with 8 grammes of sodium 
nitrate per litie proved fatal in 48 hours 

As these quantities and propoitions were still in excess of natural conditions 
magnesium sulphate was introduced in conjunction with potassium nitrate, and the 
finding here was that witli 8 grammes of the former and 10 of the latter, larvx 
died in 17 hours, — so far the best results obtained in these experiments 

These experiments were brought to a close as the writer was deputed to carry 
out a malaria suivey, but it is intended to continue later on similar lines with other 
salts and different combinations thei eof 



OBSEEYATIONS ON THE MAEKINGS OF A JAMESII 

THEOBALD 


BY 


Military Assistant Surgeon E S FEEGRADE, 
Flaicouit Buflet Institute of Public Health, Rangoon 


[Received for publication, March 12, 1929 ] 


Specimens of the species of A jamesii Theobald were found amongst the 
mosquito fauna of Kyaukpyu, Burma, during a survey undertaken in the malarn 
season of 1927 These specimens, though few in number, were found not to coin- 
cide, in respect of wing marking® and the extent of abdominal scaling, with the 
descriptions given by F V Theobald and included in the 2nd Edition of the 
‘ Monograph of the Anophelme Mosquitoes of India ’ by James and Liston (1911), 
nor even with the more detailed account by Major G Covell, i m s , in his publica- 
tion, in the ‘ Indian Journal of Medical Research,’ Vol XLV, No 4, April 1927 
For this reason I identified those found at Kyaukpyu provisionally as A janiesv 
After a study of specimens, from Kyaukpyu, Mawlaik, and from the Central 
Malaria Bureau, Kasauli, collected at Chittagong, I felt assured that the differences 
observed by me were a constant feature of the species as against the description 
given by Theobald and Covell 

In the Table below are compared the respective observations of the afore- 
mentioned workers and myself 


TvblE 



Theobald 

1 Cor ell 

! 

Writer 

Costa 

1 

Six black-acaled areas, 
two being small and 
near the origin 

i 

Six dark areas the pale 
areas on the outer 
third being at least 
equal m extent to the 
dark ones whilst the 
inner quarter is chiefl> 
pale 

Seren dark areas, the 
three basal being small 
and the four distal 
greatly extended 


{ 251 ) 






252 Oht^eivahous on the jltatlnigs of A ]amesu Theobald 


T \iju < — contd 



Theobald 

Coveil 

Writer 

2nd Longitu- 
dinal vein 

One small dark area on 
the posterior branch 

One dark spot on the 
posterior branch 

Tuo small dark areas 
on the posterior 

branch 

3rd Longitu- 
dinal vein 

1 

1 

Two dark-scaled areas 
at tlie beginning and 
one at its termination 

Entirely pale except for 
a small dark area 
towards the base and 
a black spot at the 
apex 

Pale at the beginning 
two black spots close 
thereto and one at its 
termination in an 
otherwise pale vein 

Abdomen 

* 

Clothed with whitish 
hairs on the first 
seven segments and 
with scales and hairs 
on the eighth segment 
and genital processes 

Abdomen clothed with 
golden hairs on the 
dorsum of all segments 
with a conspicuous 
dense covering of 
golden hairs and 

scales on the last two 
segments and genital 
processes 

Both surfaces covered 
with golden hairs and 
dense golden scales on 
genitalia Dorsum of 
seventh and eighth 
segments with many 
golden scales and a 
few on the sixth, fifth 
and fourth decreasing 
in numbers as the 
fourth is approached 
Ventral surface of 
seventh and eighth 
segments with few 
scales 


The diffeiences noted are not variations but actual markings of A jawesv 
My reason foi bringing these points to notice is to remove the possibility of error 
as to their identity in future 




SOME MORE VARIANTS OF A FULIGINOSUS GILES, 

FROM BURMA 


BY 

Military Assistant Surgeon E S FEEGRADE, 
Ha) com t Butler hishlnle of Public Health, Rangoon 


[Received for publication, March 12 1929 ] 


In his ‘ Note on the variations of the hind tarsal markings of Anopheles 
fulignwstts Giles, and Anopheles lamsayn Covell ’ by Ivlajor G Coveil, ims. 
Central IMalana Bureau, Kasault, there is a complete review of Anopheles fuh- 
qinows in regaid to its identity and its many variations, since its first description 
by Giles in 1901 The decision to identify the variant var nagpoii with A fuh- 
gmosns var aciiei and later to declare var nagpon and var adiei as synonyins of 
A fuUginosus Giles, b) Christophers in 1916 and 1924 respectively, remove the 
possibility of erroi in consulering variants as new species, for it has been found 
that many variations prevail m different species 

The observations on vaiiations of A fuhgmosus have so far been confined 
to the bands on the palps and the extent of white coloration involving the hind 
tarsi In re-studying specimens of A fuhgmosus Giles, collected in the plains and 
hills of Buima, for the recentlj established Malaria Bureau, Rangoon, it has been 
found that, apart from the variations in the palpal bands and hind tarsal markings 
as noted by several other workers, other variations in tlie palps as also in the 
scaling of wing veins prevail 

In the case of the palpal bands in otherwise normal t}pe forms of A fuligino 
sus Giles, from Burma, it was found that a fladi of white scales occupied the space 
between the 2nd and 3rd white bands Whilst m others, besides the flash of white 
stales on the palps, other variations existed, for instance, the 1st longitudinal vein 
had eight white spots instead of six and the 4th vein had no white scales at its 
bi fill cation 


In others, again, where the third hind tarsi were picked out in black at their 
apical ends, the 3rd vein was entireh black-scaled except for a small white spot 
near its beginning ^ 


T VIK 


( -^53 ) 
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Yanauts of A fnli£»niosns Giles, fiom Bwma 


The winter foims of A fithginosus Giles, of the plains and hills of Burma 
have invariably been found to have both black and white scales which stand out 
moie cleaily in wintei than in summer, and the winter forms obtained from tk 
hills ate even more distinctly maiked than are those from the plains 
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TWO SPECIES OF CULICOIDES WHICH FEED ON MAN 


BY 

R O A SMITH, D T M , I M D 
(Ptom the Kala-asar Commission) 


[Recened for publication March 18, 1929] 

The fact that cultivators in many villages in Assam have to protect them- 
selves with smoke from the bites of midges while working m their fields is well 
known Attached to their waist bands they use ropes of twisted straw which are 
kept burning , the smoke envelopes each person and protects his bare body 

When surveying a village m the Burnihat area for sand-flies in connection with 
the investigation of kala-azar, the author and his insect collector were attacked 
by midges, some of which were secured 

On examination it was found that they were of two species of Ciihcoides 
which, as far as can be ascertained, have not been described before 

Some experiments with Culicoides were done in Calcutta in 1924 Altogether 
9 species were secured in and around Calcutta , two of these were new, and were 
named C bimactilicosfa and C poeciloptoa, respectively, by the Imperial Ento- 
mologist, Pusa None of them, however, would feed m captivity on a warm- 
blooded host 

On visiting the cattle shed attached to one of the houses in the village, 
referred to above, large numbers of Culicoides and one species of Lasiohelea were 
captured feeding on the cattle there C oiystoma and C anopliehs were present 
m large numbers, as well as three other species which have not been described 
before, of which two resemble C oxystoma and one, the species described here, 
for which the name Culicoides actom is suggested 

No males of the species to be described ha^e been captured up to now, but 
it is hoped that some may be secured m the near future 


Culicoides actoni, sp nov. 

Length of body 0 72 mm 

Length of wing 0 69 mm 

Breadth of wing 0 32 mm 

Head Black , clypeus and occiput sparsely clothed wnth brow r 
Maxillie and mandibles highly chitinized and armed with se\eral teeth 

( 265 ) 


hairs 

Eyes 
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Tivo Species of Culicoidcs ivlnch Feed on Man 


contiguous dorsallv Dorsum of thorax slate coloured, sparsely clothed with brown 
haiis Humeral pits lincai Abdomen daik brown above lighter beneath 
Halteies cream colouied Scutelliim and post scutellum black 

Anlciincc — Yellow biown m colour, composed of 15 segments Torus iiA 
brown and covered with minute hairs w'lth a few' long ones at the upper margin 
Segments 3 to 10 barrel-shaped getting progiessuely longer Segments 11 to 15 
elongated , 15th the longest about six times as long as broad 

Palps — Dark blown in colour, composed of 5 segments First the smallest, 
2nd the longest , 3rd sw'ollen about the upper third, and bearing a large sensory 
depression Fourth and 5th segments aie nearly equal m size The fifth carnes 
about four or five long hairs on it^ lounded extremity (Plate XIII, fig 5) 

Lcij '! — Yellow biowMi in coloui Antenoi tibiae armed with spines Hmd 
tibire with a row of stout spines ba'^ally First tarsal segments about three times 
as long as the 2nd 

Wings — Wings are characteristic In the centre of the upper margin of the 
wing IS a dark black area which invohes the termination of the costa and the 
1st and 3rd veins This area is bounded on each side by a light area roughly 
circular in outline The outer end of the wing above the upper branch of the 
4th vein is taken up by a clear space Below the superior branch of the 4th vein 
the w'lng membrane is marked irregularly with light and dark areas (Plate XIII, 
- fig 4) The wing is completely covered w'lth microscopic setce with a few 
large decumbent hairs situated in the outer end of the w'lng mostly round the 
termination of the super loi branch of the 4th vein 

Venation — ^The 1st and 3rd veins form two cells fairly equal in size The 
transverse vein is slightly oblique Bifurcation of the 4th vein takes place about 
the centre of the w'lng in line with the conspicuous dark area on the wing 
margin 

Speimatheccc tw'o m number — globulai, about 31 /< m length and 29 P ni 
breadth (Plate XIII, fig 6) 

raripalpis; sp nov 

1 2 mm 
1 0 mm 
0 39 mm 

Head — Black , eyes contiguous above Mouth parts highly chitmized and 
adapted for piercing 

Antennce composed of 15 segments Toms dark brown, flagellum light 
brown The last five segments aie elongated and the 15th the longest, six times 
as long as broad 

Palps — Composed of five segments, 1st very short and small, 2nd elongated 
and slightly swollen m its upper half resembling an Indian club, 3rd as long as 
second and swollen in its upper half, no large sensory depression is seen on thi5 


Culicoides 

Small dark coloured fly 
Length of body 
Length of wing 
Bieadth of wing 
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segment, some small pits are seen scattered over the swollen part Fourth and 
5th segments short, the 5th with 2 or 3 long hairs on its rounded extremities 
(Plate XIII, fig 2) Dorsum ot thorax dark brown with a few row's of hairs 
Scutellum and post-scutellum black 

JVuigs — ^The wing is dark coloured with two light areas at the costal margin 
One involving the transverse vein and the other at the termination of the 3rd 
vein The 1st and 3rd veins form two cells, the distal larger and longer than 
the proximal The wing is completely covered with microtnchia with a few macro- 
tnchia in the upper and outer third of the wing (Plate XIII, fig 1) Halteres 
brownish with cream coloured tops 

Legs — ^Dark brown with light areas below the knee joints Bases of hind 
tibice light coloured and armed with a comb ot short spines First tarsal segment 
3 times the length of 2nd 

Abdomen — Black 

Spcrmatheca : — ^Three in number, of unequal size and different shapes The 
ducts are not chitunzed (Plate XIII, fig 3) 



Expi^ANA'rioN OP Pirate XIII 

1 Wing of C )anpalpts 9 . 

2 Palp of C. ranpalpis 9 . 

3 Spermathecas of C ranpalpis 

4 Wing of C actonv ? . 

5 Palp of C actoni 9 . 

6 Spermathecas of C actoni 

Figures drawn by camera lucida from balsam mounts 



Pl^te XIII 



Tig 4 


Fig j 




A EEVISION OF THE CULICINE MOSQUITOES OF INDIA 

Part XXVI. 


THE GENERA HBIZMAMNIA, HABMAGOGUS, TOPOMYIA, AND 

MBGARHINUS 


BY 

P J BARRAUD, 

Bntomologist to the ^lolaria Survey of India, Kasauh 


[Received for publication, Jfarch 19, 1929 ] 

This paper concludes the present Revision of the Cuheme mosquitoes of 
India, or the tribe Cuhcini, as regards the adult stage of these insects, as far as 
they are known at present The information collected during the preparation of 
these papers will be embodied m a volume m the Fauna of India series, by 
Colonel Christophers and the writer, which is now m preparation The larval 
stages of a large number of species still remain undescribed and endeavour will be 
made, as time perimts, to prepare descriptions and figures of these for publication 

I w ish to take this opportunity of again expressing my tlianks to Colonel S R 
Christophers, cie,obi:,frs,ims, for his unfailing encouragement and help 
during the progress of tins inquiry, which at times has been interrupted for long 
periods owing to the pressure of more important work lily thanks are also due 
to Colonel J D Graham, c i L , i m s , Public Health Commissioner with the 
Government of India, Secretary to the Scientific Advisory Board, and to tlie 
Governing Bodv, of the Indian Research Fund Association under whose aegis 
the iiu estigations have been carried on , to Major J A Smton, vc, OBE, IMS, 
Director of the Iilalana Survey of India, for hib help and kindness since I joined 
the Survey in May 1927, and especialh to Mr F W Edwards of the British 
^Iu^eum tor his assistance in the identification of a number of specimens during 
the carlv stages ot the inquiry, and tor his readv help at all times, more parti- 
ciihrly in the re-e\ammation of type specimens m the National collection, at my 
rujuest 
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A Reinsiou of the Culicine Mobciuitoes of India. 

Genus Hcizrianniv Ludl 

Hcicinanma, Ludlow, 1905, Can But, Vol XXXVII, p 130 
Bolhodeomyia, Theobald, 1910, Rcc hid Mas, Vol IV, p 31 

This IS a genus of small dark-colouied mosquitoes distinguished by the 
presence of a well-maiked tuft of setae, oi small hairs, on the postnotum 
They are found chiefly m heavily foiested localities where the larvae live in tree- 
holes and bamboo stumps during the monsoon Other characters common to the 
Indian species may be summaiised as follows — palpi shoit in both sexes, last 
two segments of antennae of the males veiy long, the other flagellar segments 
very short, in all the species where the males aie known, prothoracic lobes large 
and in some species practically touching behind the head , mesonotum without 
bristles on the largei part of the dorsum, tins pait covered with broad recumbent 
scales, causing a supeificial lesemblance to the laiger species of Rachionotoinyia, 
these scales and the flat scales on the head and scutellum have, in many species, 
a bright metallic lustre, pleuial bristles i educed in number, usually 3 or 4 
proepimeral, no spiracular or upper steino-pleuial, 1 or 2 lowei and a moderate 
number of upper mesepnneral Male genitalia (Figs 1 to 10) characteristic of 
the genus and of pecuhai structure, side-piece comparatively short, wide, and 
rounded, with a subapical lobe bearing 1 or 2 strong spines, and usually several 
hair tufts spimgmg from near the base on the inner side, m some species these 
are remarkably long, matted and twisted Aiising also from the innei side of the 
side-piece towards the sternal side is a very peculiar piocess apparently repiesent- 
ing the ‘haipago’ oi ‘daspette’, the apical pait or ‘blade’ of this stiucture is 
‘’exceeding!}'- transpat ent and divided m some species into seveial leaflets, the form 
of which IS very difficult to see except m heavily stained piepaiations Some 
drawings have been piepaied from suitably stained dissections and are repioduced 
on one of the accompanying plates Drawings of the clasper of five species are 
also given from which it will be seen that the foim of this is also specialised and 
of different shape in each species The parameral plates and lateral plates of the 
phallosome are small, the latter with nmnerous small sharp teeth, chitinizations 
of the anal segment with a single blunt tooth at the crown In two species the 
ninth sternite is unusually large, being about the length of the side-piece The 
structure of the genitalia appears to indicate a relationship to the genus Aeda m 
the wide sense, as pointed out by Edwards In the examination of the genitalia 
the reader should refer to Plates IX and X of Vol X of this Joninal, where 
figures were given illustrating Edwards’ Synopsis of Oriental Cuhcine Mosquitoes, 
and also to the synoptic table given below for the identification of the males of 
the Indian species 


*The only other Indian mosquito in which small hairs are present on the postnotum is 
Aimigeies (Leiccstow) flavus (keic), a large brownish-yellow species which is not likely 
to be confused with any species of Hetsmanma 
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Synoptic table foi the identification of the Indian species of Heizmanma 


Females 

1 Proboscis more than 1^ times the length of 

the fore femur 

Proboscis only slightly, if at all, longer than 
the fore femur 

2 A continuous lateral white border to the 

mesonotum passing over the wing loots to 
the lateral lobes of the scutellum 
Mesonotum without a continuous white border 

i A large patch of silverj' scales on the mid lobe 
of the scutellum extending anteriorly on to 
the mesonotum, hind femur entirely pale 
on the basal half 

Scutellum with only a small patch of silverj' 
scales on the mid lobe, or with none, hind 
femur dark along the dorsal edge from 
the base to the knee joint 

4 Prothoracic lobes entirely dark-scaled 
Prothoracic lobes with some white or silvery 

scales 

5 Plume scales on anterior fork veins verv 

narrow and linear 

Plume scales on anterior fork Aeins rather 
narrow but hgulate in shape 

6 klesonotal scales dull grei ish brown with little 

or no metallic lustre, prothoracic lobes large 
and touching behind the head 
klesonotal scales with metallic green or bluish- 
green lustre, prothoracic lobes smaller, more 
or less separated, and corered with siKery- 
white scales 

Mesonotal scales with dark blue metallic lustre, 
prothoracic lobes more or less separated 
and with white scales along the front edge 
only 

7 Mesonotal scales w ith deep blue metallic lustre, 

proboscis shghth longer than the fore 
femur, prothoracic lobes large and nearly 
touching behind the head, with white scales 
on the outer anterior parts 


indica 

7 


edzoai dsi sp n 
3 


hinialaycnsis 


4 

f liner ca 

5 

6 
7 


coniph i 


chandi 


green I 


mctallica 
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Females — contd 

Mesonotal scales blackish with bronzy metallic 
sheen, proboscis shorter than the fore 
femur, prothoiacic lobes more separated, 
with silvery-white scales anteriorly 
Mesonotal scales with bright green metallic 
lustre, proboscis about the same length as 
the foie femur, prothoracic lobes lather 
laige, somewhat closely approximated, and 
covered with silvery-white scales 

Males 

1 Prothoracic lobes entirely dark-scaled 
Prothoracic lobes with some white scales 

2 Ninth stermte very large and much more than 

half the length of the side-piece 
Ninth stermte not more than half the length 
of the side-piece 

3 Proboscis longer than the fore temur'^'t 
Proboscis shorter than the fore femurf 

4 Clasper not maikedly expanded apically and 

divided nearly to the base into two separate 
arms* 

Clasper expanded apically and not divided 
into two separate arms 

5 Sttbapical lobe of side-piece with two strong 

spines ^ 

Subapical lobe with only one strong spine 

6 Clasper greatly expanded apically, side-piece 

with tufts of very long hairs from the base 
subapical lobe produced into an arm 
directed basally with a single strong spine 
at the extremity*! 

Clasper less expanded, side-piece with tufts 
of rather short hairs all about the same 
length, subapical lobe not produced into a 
long arm 


covclh sp n 

vindis sp n 

fiiiiet ea 
2 

3. 

4 

indica 

covelh sp n 

complex 

5 

greeni 

6 

himalayansis 

7 


* Vide illustrations of male genitalia on Plates IX and X of Vol X of this Joutml 
t Vide illustrations on the accompanying Plate 
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Males — contd 

7 Side-piece with a large dense tuft of rather 
short twisted hairs near the base, clasper 
uith an elbow-hke projection near its 
base*j cliaudi 

Side-piece without any large dense tufts of 
hairs, clasper uithout any elbow-hke pro- 
jection near ita base^'f metalhca 

The males of H edxvardsi and H viridis sp n are at present unknown 

Heizmannia complex (Theo ) 

Bolbodeoinyia coniplei, riieonald, 1910, Rcc Ina Mhs , Vol IV, p 31 

Through the kindness of the Director, Zoological Survey of India, I have 
been able to examine the tjpe male and teniale of this species, the genitalia of the 
ma'e, ho.vcver, are in the British IMiiseum There are two female specimens in 
the Malaria Survey of India collection, Kasauh, from Assam (Nongpoh, vii 1922, 
and 111 1927 {Bat rand)) which appear to be the same species, and the following 
notes have been made from an exammation of these four specimens It should 
be mentioned that both the types, which were collected more than twenty years 
ago, are now in rather poor condition General colouration dark brownish, pro- 
boscis about the length ot the fore femur, mesonotal scales dull greyish brown 
with httle or no metallic lustre, prothoracic lobes large and practically touching 
behind the head, with white scales anteriorly, scutellar scales dark brown like 
those on tlie mesonotum, abdomen deep brown with small lateral pale markings, 
rather square in shape on segments 2 and 3, small and triangular on the remaining 
segments and not forming bands over the dorsum, plume scales on the anterior 
fork veins narrow and linear 

The shape of the clasper of the male genitalia differs from that of any other 
known species of the genus being divided nearly to the base into two separate 
arms {vide Figs IS to 20 on Plate IX of Vol X ot this fonnial) 

The types are in the Indian Museum, both from Dawna Hills, Lower Burma, 
111 1908 (.limniidafc) 


Heizmatuua funerea (Leic ) 

JVytoiiiy la fnucrea, Leicester, 190S, Cul Malaya^ p 252 

This differs from all the other Indian species in haMng the large prothoraac 
lobes entireh corered with dark scales I ha\e not seen an> specimens, but one 
female of probabl> this species is mentioned m some mss notes kmdij ' supplied 


’ I idi. illustrations ot male gcmtalia on Plates IX and X ot Vol X ot this Jounial 
1 1 uIl illustrations on the accoinpanj ing Plate. 
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A Rcvibion 0/ the Ciilicuie Mosquitoes of India 

to me by Mr F W Edwards, caught biting in the day time at Meenglas, Jalpai- 
guri, North Bengal {M 0 T Iyengar) 

The male genitalia do not appear to have been figured but amongst a large 
number of micro-photographs taken b}- Surgeon Commander O’Flynn, rn, 
kindly sent to me by Surgeon Commander D H C Given, r n , of H M Naval 
Base, Singapoie, is one of a slide preparation bearing this name From this it 
appears that the structure of the hypopygium is similar to that of H tndica and 
H covclh sp n , but there are differences in the form of the hair tufts and in 
the shape of the clasper 

W fnnerca was described from a single female taken m jungle 6 miles from 
Kuala Lumpur, Malay Peninsula {Leicester) 


Heizmannia edwardsi sp n 

This species differs from any I have seen in the presence of a continuous 
white scaled margin to the mesonotum continued over the wing roots and termin- 
ating on the lateial lobe of the scutellum on each side 

Desciiption of female — Head a wide area of flat grey scales on the 
vertex, a narrow pale border to the eyes and a large pale patch 
at each side of the head, a few dark upright scales on the nape, 
ton with some pale scales on the inner sides, flagellar segments and hairs 
dark, cl>peus pale grey, palpi and proboscis black with a dull dark bluish 
sheen, palpi about one-quarter the length of the proboscis Thoiai no bristles 
on the larger part of the dorsum of the mesonotum, this part covered with broad 
recumbent brownish-grey scales of a very dark shade, without any metallic lustre, 
a border of white scales along the sides of the mesonotum continued over the 
wing roots to the lateral lobes of the scutellum, the white scales over the wing roots 
very large, prothoracic lobes rather large but separated, covered with dull white 
scales, scutellar scales broad and flat, white on the lateral lobes but apparently 
all dark on the mid lobe, a well-marked tuft of setae on the postnotum, pleurae 
almost entirely covered with white flat scales (not silvery) including pro-epimera, 
post-spiracular area, sterno-pleura, and larger part of mesepiraeron Wmqs 
dark-scajed, plume scales on anterior fork veins narrow but ligulate in shape, wing 
length 3 8 to 4 mm Legs tibiae and tarsi brownish-black without any pale 
markings, fore and mid femora dark on the anterior surface, pale posteriorly for 
nearly the whole length, hind femur white along both sides except along the dorsal 
edge but the knee joint dark Abdomen deep brownishiblack rather than blue- 
black, rather large and irregular lateral white patches, widest towards the apex 
of each segment, not forming bands over the dorsum 

Two co-type females are in the Malaria Survey of India collection, Kasauli, 
from Yellapur, North Kanara, October 1921, one caught in forest on the 6th, 
and one bred from larva found in hollow bamboo (Bairaud) The male is at 

present unknown 
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Heizmannia indica (Theo ) 

Phonwmyia indica, Theobald, 1905, Ann ^his Nat Hung , Vol III, p 115, 
and Alon Cu] . Vol IV, p 601, 1907 

This species is fairly easily distinguished b'v the unusual length of the 
proboscis which is from one and a quarter to one and a half times the length of 
the fore femur The mesonotal scales are distinctly greenish-blue \Mth metallic 
lustre, those on the abdomen bluish-black, the lateral basal nhite triangular mark- 
ings on the latter do not usually extend on to the dorsum to form narrow bands 
as is the case in sereral other species The scutellar scales are dark greenish like 
those on the mesonotum, a few scales on the mid lobe may appear light when 
view'ed m certain positions but there is no large siheix area as in H litmalayensis 
The prothoracic lobes are more or less separated with sihery scales on the upper 
and anterior parts, dark scales below The plume scales on the anterior fork 
\ems are rather narrow but hgu'ate m shape Hind femur dark along the dorsal 
edge from the base to the knee 

The male genitalia are remarkable owing to the enormous de\elopment of 
the ninth stermte which is hood-hke and as long as the side-piece Figures of 
the genitalia were guen m Edw'ards’ stnopsis Vol X, ot this Joional, Plate X, 
figs 21 and 22 Figures (Nos 2 and 6) on the accompanjing Plate show the 
shape of the clasper and of the ‘ harpago ’ 

Specimens ha\e been examined from the following places — 

North Bengal — Sukna, ix and x 1922, bred from lariae found m bamboos 
and tree-holes {Ban and), Marmbari Tea Estate, viii 1928, caught m 
jungle (Sobita Ram collr ) 

Eastern Himalajas — Darjeeling, \ii 1918, bred from lar\ae found m tree- 
holes {Kiinp) , Tindharia, Sureil, and Kurseong, ix and x 1922, bred 
from larvae found m bamboos and tree-holes {Ba)raud), Kurseong \m 
1928, laraae from bamboos {Soblia Ram collr ) 

P indica was described from one male from Singapore, 1902 {Biro) The 
tjpe IS m the National ^luseum of Himgarj, Buda Pest 

Heizmannia covelli sp n 

This species differs from H cliandi H gnciii and H iiictallica, to which it 
appears to be related, m the structure of the male genitalia, and m the combination 
ot the following characteristics present m both sexes — proboscis distmctlj shorter 
than the fore temur, mesonotal scales blackish with a bronzy metallic sheen 
scutellar scales greenish black with a few siher\ scales at the apex of the mid 
lobe , prothoracic lobes approximated but not touching behind the head, with siherj' 
scales antenorU , plume scales on anterior tork \ eins narrow but hgulate m 
shape The abdomen is marked with the usual lateral tnangular siherj basal 
patches^ and there are narrow white ha-al bands over the dorsum on semnents 
6 and 7 m the temale There are 3 or 4 proepnneral bristles overlappimr the 
spiracle, 1 or 2 lower mcsepimeral and 3 or 4 bristles on the lower part ol the 
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sterno-pleura The last two flagellar segments of the antenna of the male are 
very long as m other species, the terminal segment is about twice the length of the 
penultimate and tiie last two segments together are a little more than twice the 
length of the first eleven, the flagellar segments 2 to 11 are each only about twice 
as long as broad Both claws of the fore and mid legs of the male have a slender 
sharp tooth arising from the base 

The male genitalia are lemarkable for the development of hair tufts on the 
inner side of the side-piece (Fig 10), one of these is twisted upon itself several 
times at the base and is composed of a number of long stout hairs hooked at the 
tips The ‘ harpago ’ is also remarkablv distinct from that of any other species 
(F«g 7) 

Two co-type males are in the Malaria Survey of India collection, Kasatili, 
from the Andaman Islands, vii 1926, bred from larvae found m bamboo stumps 
(Majo> G Covcll^ I S), also one other male from Sukna, North Bengal, ix 
1922, bred from larva found in tree-hole {Ban and), and one allotype 
female from the same place, x 1922 {Ban and) 


Heizmannia viridis sp n 

This most nearly resembles H covclli sp n and some provisionally named 
specimens of H metalUca (Leic ) but differs from these and from the other 
Indian species as indicated in the synoptic table 

Description of female — Head a median patch of flat silvery scales on the 
vertex m front continued downwards between the eyes, remainder of the dorsal 
surface covered with flat blue-black scales, a patch of silvery scales low down at 
each side, ton, flagellar segments and hairs almost black, clypeus shining brownish- 
black, palpi and proboscis of the same shade, the latter equal in length to the fore 
femur Thai ax inesonotal scales with a bright green metallic lustre contrasting 
with the blue-black scales on the bead, scutellar scales flat with a green or bluish- 
green metallic lustre, a few white scales in the middle of the centre lobe, pro- 
thoracic lobes rather large and fairly closely approximated and for the larger part 
covered with silvery scales, some black scales on the lower and posterior parts, 
a well-marked tuft of setae on the postnotum Integument of pleurae black with 
patches of flat silvery scales on the sterno-pleura, mesepimeron, prosternum and 
coxae, 3 or 4 proepimeral bristles, one strong lower mesepimeral bristle and 4 
or 5 on the lowei posterior part of the sterno-pleura Wings plume scales on the 
anterior fork veins rather narrow but ligulate la shape, wing length about 3 mm 
Legs deep bronzy-brown, fore and mid femora paler posteriorly, hind pair more 
extensively pale on both surfaces, dark along the dorsal edge and around the 
knee-joint Abdomen blue-black with the usual basal tiiangular white markings 
and more or less complete narrow basal bands over the dorsum on the terminal 


segments 

Three co-type females are in the Malaria Survey of India collection, Kasauli, 
from Yellapur, North Kanara, caught in forest, 6 x 1921 {Ban and) , also other 
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females of apparently the same species from Nagargali, Bombay Deccan, vni 
1921 (Batiaiid), and Malabar Coast, x 1915 (KJiazan Chand) 


Heizmannia himalayensis Edw 

Heizmanma htmalayeiisis.'Edwdsds, 1922, Ind Jour Med Res ,Yol X, p 290 

This IS a fairly distinct species and appears to be a common tree-hole breeding 
mosquito in both the Eastern and Western Himalayas from about 500 feet up to 
7,000 to 8,000 ft 

Distinguishing characteristics — ^limd femur entirely pale on the basal half 
even along the dorsal edge , mesonotal scales black with bluish-black metallic lustre , 
a large silvery patch covering the mid lobe of the scutellum and extending 
anteriorly on to the posterior part of the mesonotiim in the middle, proboscis 
about the length of the fore femur , plume scales on the anterior fork veins rather 
narrow but ligulate in shape, prothoracic lobes slightly separated with silvery 
scales covering the larger part, basal triangular lateral silvery patches on the 
abdomen, and narrow basal white bands over the dorsum on four or five segments 
in the female In the male there is a long slender tooth on the larger claw of the 
foie tarsi, the clasper and harpago are Aery distinct from those of other species 
(vide Figs 1 and 9) 

Specimens have been examined from the following places — 

Western Himalayas — Koti, near Kasauli, vii 1923, bred from larvae found 
in tree-holes (Ban and) 

Eastern Himalayas and North Bengal — Sukna, ix 1923, lar\'ae from tree- 
holes (Banaud) , and viii 1928 (Sohha Ram collr ) , Kurseong, vin 
1928, larvae from bamboos (Sobha Ram collr ) 

The species Avas described from a single male from Darjeeling, bred from a 
lar\a obtained from a tree-hole, vii 1918 (Kemp) The type is in the Indian 
Museum 


Heizmannia metalhca (Leic ) 

IVyeomyta metalhca, Leicester, 1908, Cid Malaya p 251 
The Malaria Siinej of India collection contains one male which A\as pro- 
visionallj named as this species bA Edwards in 1921, this specimen, together with 
one female now m the British Museum, was bred from lanae found m tree-holes 
at Pudupadi, Malabar Coast, x 1915 (Kbazan Chand), two more females from 
the same place are in the Kasauli collection 

Tlie mesonotal scales m these specimens ha\e a deep bluish metallic lustre 
(not green) , proboscis sUglitK longer than the fore lemur , prothoracic lobes 
large and nearh meeting behind the head with sihert scales on the outer anterior 
parts, plume scales on the anterior fork reins ligulate m shape, abdomen with 
the usual large basal triangular siKerA patches 
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In the male the first eleven flagellar segments of the antenna are very short, 
scarcely longer than broad, each with a very few long hairs, the last two segments 
with long and dense pubescence, and very long basal hair whorls 

Parts of the male genitalia are illustrated on the accompanying Plate (figs 4 
and 8), other figures were given m Vol X,of this /on mat, Plate X, figs 25 to 27 
The side-piece is without any tufts of very long twisted hairs, those present being 
quite small and composed of short haiis, the ‘ harpago ' (fig 8) has the usual 
very thin transpaient expansion but this is of different shape to that of any other 
species 

W luetalhca was described from a single female type specimen, from Bukit 
Kutu, Malay Peninsula {Lcucsta), which is in the British INEuseum 

Heismannia chandi Ediv 

Hcicniannia chamli, Edwards, 1922, hid Jom Med Res , Vol X, p 291 

The plume s''ales on the anterior fork veins are very nai row and linear in 
this species, as i-5 also the case m H gieem and H complei I have not seen any 
authenticallv named specimens of H gieeni but there are two females in the 
Malaria Survey of India collection which appear to be that species and have been 
provisionally placed under that name These differ from H chandi in having 
silvery white scales on the front part of the prothoracic lobes only, whereas in 
the last mentioned species these lobes are almost entirely covered with scales of 
that kind Theie is also a difference in the colouration of the mesonotal scales, 
in H chandi these have a distinct metallic green or bluish-green lustre whereas in 
the provisionally named specimens of H gieeiu they have a dark blue sheen In 
H complex the mc«onotaI scales are dark greyish brown with little or no metallic 
lustre, and the prothuracic lobes are large, practically touching behind the head, 
which is not the case m the other two species referred to above 

The male genitalia of the three species aie quite distinct as will be seen by 
comparing figs 3 and 5 on the accompanying Plates wnth figs 18 to 20 on 
Plate IX, and fig 30 on Plate X of Vol X of this Join tial 

The type male. No 1282, and other males and females, aie in the Malaria 
Survey of India collection, Kasauli, from Pudupadi, Malabar Coast, x 1915 
{Khasan Chand), one allotype female, taken at the same time and place, is in 
the British Museum 

4 

Heizmannia greeni (Theo ) 

JVyeomyia gieem, Theobald, 1905, Jour Bomb Nat Hn Soc , Vol XVI, 
p 247 

This species resembles H metalhca (Leic ) and H chandi Edw but differs 
from them as indicated in the synoptic tables I have not seen any authentically 
named specimens, but there are two females m the Malaria Survey of India 
collection, Kasauli, from the Malabar Coast, x 1915 (Khason Chand) which I 
have provisionally placed under this name as they agree fairly closely wnth the 
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description and are evidently distinct from the other species included in this 
paper These specimens possess the following characters — proboscis about the 
length of the fore femur, mesonotal scales with a dark blue metallic lustre (not 
green as in H chandi), prothoracic lobes with white scales only along the airtenor 
edge and laterally, plume scales on the anterior fork veins very narrow' and 
linear (not hgulate as in H inetallica) , basal white triangular lateral patches on 
the abdomen not forming bands over the dorsum 

In referring to this species Edwards states that the basal flagellar segments 
of the antenna of the male are distinctly longer than broad, and that the sub- 
apical lobe of the side-piece bears two strong spines (this is npt the case in any 
other Indian species of which the male is known) 

The type male and female are in the British Museum from Peradeniya, 
Ceylon, i and ii 1902 (Giccn) 

Genus Hvcmagogus Will 

Haemagogiis, Wdhston, 1896, Tyans But Soc Bond, p 271 
Tw'O Indian mosquitoes have been provisionally referred to this genus, 
originally described from tropical America, but as no males of the Indian species 
have yet been obtained their true generic position is not definitely settled In 
structure and general appearance they closely resemble the larger species of 
Hcizmannia, but may be readily distinguished from these by the absence of hairs 
or setae on the postnotum The prothoracic lobes are large, collar-like and 
closely approximated behind the head , there are no bristles on the larger part of 
the dorsum of the thorax, general colouration black with brilliant silvery mark- 
ings , proboscis long and slender, distinctly longer than the fore femur , palpi 
short and only about one-sixth the length of the proboscis 

Both species appear to be rare and are confined to heavily forested localities 

Haemagogus tnpunctatus (Theo ) 

Stegomyia Inpunctata, Theobald, 1908, Rec Ind Mus , Vol II, p 288 
The female of this species may be distinguished from that of H discrepans 
referred to below by the following characters — tarsal claws of the fore and 
mid legs simple, wing scales rather broad, hind femur pale on the outer side 
nearly to the knee 

The type female is in the Indian Museum, from Lushai Hills, Assam, 
caught in jungle, 6 m 1904 {B C Macleod) There do not appear to be any 
other records of the occurrence of this species in India 

Haemagogus discrepans Edw 

Hatmagogus dtsoupaiis, Edwards, 1922, Ind Jour Med Res Vol X 
p 291 ' ' 

The female ma} be distinguished from that of H tnpunctatus by the 
narrower wing scales, toothed claws on the fore and mid legs, and by the marking 
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of the hind femur, which is silvery on the outer side on about the basal half 
only 

The type female is m the British Museum, from Pudupadi, Malabar Coast, 
caught in jungle, x 1915 {Khasan Cliand), paratype females are in the Malaria 
Survey of India collection, Kasauli, taken at the same time and place 


Genus Topoiuyiv Leic 
Topomyia, Leicester, 1908, Cut Malaya, p 23S 
Pseudogiahaima, Theobald, 1910, Rec hid Mus , Vol IV, p 26 

This genus, originally described from the Malay Peninsula, is apparently 
very poorly represented in India, only two female specimens of one species having 
been found up to the present It is probable that a further number of species 
exist in the forest regions of south-west India and Buima 

In the venation of the wing the Indian species resembles Uiaiiotaema, 
Harpagomym, and Hodgesia, the base of vein 2, the fork of vein 5, and the tip 
of vein 6 being very nearly m a line at right angles to the costa, but it may be 
distinguished from species included in the three genera referred to by the micro- 
trichia being of noimal size, the labella not gieatly enlarged, and by the wing 
scales being of normal shape and not emargmate at the tips The palpi are quite 
short m both sexes and the antennae of the male resemble those of the female 
(in the Malay species) , the head is flat scaled with a silvery patch on the vertev, 
scutellum unusually small , proboscis moderately long, slightly swollen at the tip, 
and apparently bent under the body when the insect is at rest, clypeiis rather 
long and nanow, mesonotum marked with a central line of broad flat silvery 
scales The pleural bristles are reduced, there being no upper sterno-pleural or 
lower mesepimeral, usually only two proepimeral, but on the other hand two or 
more spiracular bristles are present 


Topomyia argenteoventralis Leic 
Topomyia aigcnteovcntiahs, Leicester, 1908, Cul Malaya, p 240 
Pseudograhamia aureoventei , Theobald, 1910, Rec Ind Mas, Vol IV, p 27 

Theobald's type female of P aureoventet , in the Indian Museum, is now m 
poor condition but so far as can be seen it agrees closely with Leicester’s descrip- 
tion of T ai genteoventrahs, except that the middle of the second abdominal 
tergite is dark with a large silvery spot on each side, and not with ‘ a large patch 
of white scales on the dorsum ’ This specimen came from Pallode, 20 miles 
north-east of Trivandrum, Travancore 16 xi 1908 {Annandale) I have seen 
one other female of evidently the same species from Virajpet, Coorg, 20 to 24 x 
1915 {Bainhigge Flekhet) but this is also in poor condition. 
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2 All the tarsal segments of all the legs with 

white mai kings 

Some of the tarsal segments without w'hite 
mai kings 

3 jMesonotum with a conspicuous border of 

creamy scales continued fiom the front, 
along the sides, over the wing roots to the 
scutellum 


JMesonotum without a conspicuous pale border 

4 Mid and posterior cross-veins (r-m and m-cu) 

much nearer the base of the wung than the 
supernumerary cross-vein (s) {vide Text- 
figure A helow), abdomen wuth conspicu- 
ous tufts of hairs on segments 6, 7 and S, 
those on 7 black, on 8 orange 

Mid, posterior, and supernumerary cross-veins 
approximated {vide Text-figure B below') 
abdomen w'lthout conspicuous tufts of hairs 

5 First abdominal tergite entirely covered wuth 

green scales, fore tibia usually pale at the 
apex 

First abdominal tergite blue or green in the 
middle, pale yellow at the sides, fore tibia 
dark at apex 

6 Doisum of abdomen mainly coppery purple 

with narrow blue basal bands, segments 2 
and 3 of mid tarsi of female mainly purple, 
5th segment of hind tarsi white, 1st segment 
of hind tarsi of male with dense bnstles 
beneath 

Dorsum of abdomen mainly deep blue or_deep 
purple with lateral pale yellow markings, 
segments 2 and 3 of mid tarsi of female 
white, 5th segment of hind tarsi dark, 1st 
segment of hind tarsi of male without dense 
bristles beneath 


albipes 

(Western Himalayas) 
3 


edtuardsi 

(Western" and Eastern 
Himalayas ) 

4 


5 

6 


quasifei o i 
(Sikkim ) 


splendens 

(Widely distiibuted ) 


kempi 

(North Kanara ) 


gravelyi 

(Eastern Himalayas and 
Assam ) 



P J Bat ) and 


273 



Diagram showing the position of cross-\cins in the wings of Megarhtnus 
spp \ U sl>Liidiiis, B M Umpi Ihc longitudinal veins shown arc, 
from abo\L downwards — the 1st, stem of 2iid, base of 3rd, stem of 4lh, 
and anterior branch of 5th 


Megarhinus albipes Edw 

Megarhtnus albipes, Eelwardb, 1922, hid Jour Med RoS , Vol X, p 287 

Distinguishing characteristics, male and female — 

A rather large species, wing length about S mm Mesonotal scales brilliant 
metallic green, abdomen without conspicuous lateral tufts, dorsal surface dark 
blue to purple, w-ith, in most specimens, narrow wdiite basal bands on segments 
2 to 5, not always complete, segments 5 to 7 with pale yellow lateral patches 
usually visible dorsally, 1st tergite purple m the middle, pale yellow at the sides, 
sternites pale golden with a narrow longitudinal median purple stripe A pale 
ring at the base of the 1st tarsal segment on all the legs, most distinct on the mid 
and hind pair, the apical half of the 2nd segment and the w'hole of the 3rd, 4th 
and 5th on the fore legs white, except part of the 5th in some specimens, on the 
mid legs the 2nd to the 5th segments are entirely white, hind tarsi with white 
scaling at the apices of the 2nd and 3rd segments, the 4th entirely white and the 
base of the 5th The wing membrane is distinctly clouded in the region of the 
cross-veins, the supernumerary, mid, and posteiior fanly closely approximated, but 
rather more separated than in M kenipi (Text-figure B above) Ninth tergite 
of male genitalia narrow, apical border rounded and not produced into lobes, 
lateral plate of phallosome with a few small teeth, very similar to that of M Lcnipi 
(Fig 20), clasper similar to that of M splciideiis (Fig 11) 

The type male and female are in the British Museum, from Simla, bred from 
larvae found m tree-holes, 7,000 to 8,000 feet, viii 1915 (Climtopheis) , para- 
types bred at the same time are in the Malaria Survey of India collection, Kasauli, 
also other specimens from the same place, ix 1923 (Bairaud), viii 1927 (Pun), 
and from the Krol ilountam, near Solon, Western Himalayas, bred from larvae 
found in tree-holes, 7,000 feet, vii vm , and ix 1923 (Ban and), and ix 1924 
(Ban and) 
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Megarhinus kempi Eciw 


Megarhinus (Toioihynchites) kcmpi, Edwards, 1921, Bull But Res 
Vol XII, p 72 

A slender species of moderate size, wing length about 6 mm or slightly less, 
abdomen without conspicuous lateral tufts 

As the original description was made fioni a single male and female, neither 
of which was m good condition, a fairly full description is given below, based 
on the examination of thirty-four specimens in Iilalaria Survey of India 
collection 

The straight basal part of the proboscis veiy stout and covered wifli deep 
purple scales with a metallic sheen, the cuived apical part bluish-green or bronzy, 
palpi of female purple, the apical segment of the male palpi of the same colour, 
the basal segments mainly yellowish with purple and blue markings klesonotal 
scales brilliant gieen, those on the scutellum and over the wing roots bright 
bluish-green , scales on prothoracic lobes purple (sometimes with a bluish sheen) 
with a few white ones intermixed Wings the airangement of cross-veins is 
shown in Text-figure B above I,eg markings of the female femora purple along 
the dorsal edge, pale golden on both surfaces below, some blue and white scales 
forming small knee-spots, tibiae purple, some light bluish scales internuxed on 
the mid pair, tarsi purple with white markings showing some variation in size, 
a subbasal white ring on the 1st segment on all the legs, usually some white scaling 
at the base of the 4th segment on the fore leg, on the mid and hind legs this 
segment Is white, 5th segment on the mid and hind legs white except for some 
dark scales at the tip on the mid leg, and a few dark scales at the joint between 
the 4th and 5th on the hind pair, on the mid leg there are sometimes a few pale 
scales at the base of the 2nd segment, and occasionally at the apex of the 3rd 
In the male the legs are purple except for a pale ring neai the base of the 1st 
segment on all the legs, that on the fore legs not always complete There are 
numerous close-set bustles on the under side of the 1st segment of the hind tarsi 
for the gi eater part of its length The dorsum of the abdomen is mainly coppery- 
purple with narrow basal bright blue bands on segments 2 to 4, or 2 to 6, white 
markings on the sides of the tergites pioduced on to the dorsum on segments 
4 to 6, 1st tergite bluish-green in the middle, pale yellow at the sides, sternites 
pale golden but the 4th puiple in the middle In some male specimens the dorsum 
of the abdomen is almost entirely purple Illustrations of parts of the male 
genitalia are given on the accompanying Plates, figs 18 to 21 

The type male and female came from Talewadi, near Castle Rock, North 
Kanara District, 3 to 10, x 1916 {Kemp) One of the specimens is, I believe, in 
the Indian Museum The Malaria Survey of India collection, Kasauh, contains 
specimens from the following places in the North Kanara District — Nagargah, 
viii 1921 (Banaad), Kadra, IX 1921 (Rarraurf), and Yellapur, x 1921 {Banaud) 
All the specimens were bred from larvae or pupae found m bamboo stumps Some 
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larvae brought to Kasauli, from Yellapur, a distance of about 1,600 miles, m 
October 1921, li\cd through the winter until the following April before pupating 


Megarhinus gravelyi Edw 

MLga)hum<; {Toxoihyuclntcs) gtavelyt, Edwards, 1921, Bull Bni Res, 
Vol XII, p 73 

A fairly large species, wing length 6 5 to 7 mm , abdomen without conspicuous 
lateral tufts of hairs 

As the original description was made from a single male, not in perfect con- 
dition, a fairly full description of both sexes is gi\en below, based on the examina- 
tion of fourteen specimens in the Kasauli collection 

The straight basal part of tlie proboscis moderately stout and covered with 
pui-ple scales, the cur\ ed more slender apical part with a greenish lustre , palpi of 
the female purple, those of the male of the same colour but with a golden ring 
at the tip of the 1st segment and golden scales beneath and at the sides of parts 
of the 2nd and 3rd segments Mesonotal scales bright metallic green, those on 
the scutelhim and upper parts of the prothoracic lobes and proepimera coppery 
Wing membrane with a slight darkening in the region of the cross-veins, the 
latter closely approximated, Iiiit rathei more separated than in M kciiipi (Text- 
figure B ) Legs purple scaled, femora golden on both sides yentrally and towards 
the base, fore tibiae of the female with a large'pale area on the posterior surface 
in the middle, mid pair w ith a wide nearly complete pale ring m the same position, 
hind pair, and all the tibiae of the male, dark, fore tarsi of the female with a 
wide pale ring at the base of the 1st segment, the larger part of the 2nd white, 
but some dark scaling near the base, variable in extent, the 3rd and 4th segments 
and the base of the 5th white , on the mid tarsi there is white scaling on the basal 
half of the 1st segment and over the whole of the 2nd, 3rd, 4th, and basal part 
of the 5th, but in some specimens the Sth is mainly dark on the fore and mid 
legs on the hind tarsi there is a subbasal white ring on the 1st segment, and the 
4th IS entirely white (in one female from Haflong, Assam, this segment is mainly 
daiK) In the male the tarsi are purple except for pale markings at the base of 
the 1st segment on all the legs, that on the mid leg usually forming a complete 
ring The dorsum of the abdomen in some specimens is deep blue, in others deep 
purple, 1st tergite yellowish at the sides, small lateral pale yellow patches on 
segments 4 to 7, narrow basal pale yellow bands on segments 2 and 3, sometimes 


on segments 2 to 6, 4th sternite deep purple, the remainder pale golden with a 
narrow median dark longitudinal line There seems to be some variation m the 
width of the clasper and in the form of the ninth tergite of the male gemtalia, 
drawings of the claspers of two individuals, mounted in the same way, are shown 
m Figs 22 and 23 The ninth tergite (Fig 24) bears a pair of hairy submedian 
lobes, more pronounced and pointed in some specimens than in others The lateral 
plate of the phallosome is without any obvious teeth 


The type male, from Pashok, Darjeeling district, 2,000 feet, 25 v to 14 vi 
1916 (F H Gtavely), is in the Indian Museum The Malaria Survey of India 
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illection, Kasauh, contains specimens of both sexes from — ^Assam, Nongpob, 
vii 1922 (Ban and), Haflong, vni 1922 (Bar) and) , Eastern Himalayas, Tmd- 
haria and Mungpoo, x 1922 (Ba))and) These specimens were bred from larvae 
and pupae found in tree-holes and bamboo stumps 

Megarhinus minimus Theo 

'jajlimni ininiinns, Theobald, 1905, Jon> Bomb AUit Hts Soc , Vol XVI, 
H p 23^ (description of male) 

tes mmumis (Theo), Senioi White, 1919, Spol Zeyl , Vol XI, 
89 (description of female) 

us IS distinguished from all the other Indian species by the absence of any 
te markings on the tarsi in either sex It is comparatively very small and the 
wing IS usually less than 5 mm long There are no conspicuous lateral tufts on 
the abdomen 

The mesonotal scales have a yellowish-green metallic lustre and there are 
some brilliant blue and green scales over the wing lOots, scutellar scales green, 
scales of similai colour on the upper part of the proepimera and prothoracic 
lobes, the latter with a bluish or purplish lustre wdien viewed in ceitain positions, 
scales on the low'er part of the proepimera and pleurae silverj Legs mainly 
lie, femora yellowush at the base and beneath Dorsum of the first few 
segments of the abdomen dark gieenish purple, the remainder bright purple, 
indications of pale greenish bands on segments 4 to 6 or 7, some quite small 
yellowish lateral tufts at the apex of the 6th segment, and similar tufts of mainly 
black hairs on the 7th and 8th In one female specimen examined, tergites 4 to 7 
are brassy-brown 

The type male and female are in the British Museum, the former from 
Yatiyantota, Ceylon (G)ccn), the latter, described by Senior White, from 
Suduganga, Matale district, Ce)lon, 20 iv 1919 

The Malaria Sur\ey of India collection contains one male from Colombo, 
Ceylon (James), one female fiom Yellapur, North Kanara, Bomba} Presidency, 
X 1921, bred fiom lar\a found in bamboo stump (Ba))and), and one temale from 
Top Slip, 3,500 feet, Anamah PIills, Coimbatoie district, Madras, 4 to 8 mii 1928 
(Shaffi) 


Megarhinus edwardsi Barr 

Megarhinus cdwaidsi, Bariaud, 1924, Ind Joit) Med Res , Vol XI, p 999 

A rather large species with conspicuous lateral tufts of hairs on the teimmal 
segments of the abdomen, wing length about 9 mm Distinguished from all the 
other Indian species by the piesence of a conspicuous cicamy border to the 
mesonotum 

The straight basal pait of; the pioboscis dark bluish ' 

more slender apical part bionz} , palpi dark bluish, those 
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jellow ring at the base of the 1st segment and a similar but wider subapical ring 
to tbc 2iid segment A broad creamy border to the mesonotum from the front, 
continued along the sides, over the wmg roots, to the scutellum, the disc covered 
with dark green metallic scales, sciitellar scales daik blue in the male, greenish- 
blue m the female, prothoracic lobes and lower part of proepimera covered with 
broad cream} scales with a bluish tinge when seen in certain positions Wmgs 
supernumerary cross-^enl neaier the tip of the wing than the mid by about three 
times its length Abdomen tcrgites dark metallic blue, the 1st, 3rd, 5th, and 6th 
with lateral pale jellow' patches, 3rd and 5th wnth incomplete median pale bands, 
6th with lateral tufts of pale }ellow hairs, 7th with similar tufts of mainly 
golden hairs m the female, black m the male, Sth with small tufts of orange hairs, 
2nd, 3id, 5th, and 6th sternites pale yellow with a median longitudinal dark stripe, 
4th and 7th nearly all dark Legs tarsal markings of the male 1st segment of 
fore tarsi dark blue with an apical white ring, 2nd all white, 3rd with basal white 
ring, the 4th and 5th dark blue, basal half of 1st segment of mid tarsi yellow and 
the tip white, 3rd, 4th, and larger part of 5th white, hind tarsi dark except for 
a }ellow' streak on the underside of the 1st segment near the base, and a basal 
white ring to the 2nd Tarsal markings of the female 1st segment of fore tarsi 
dark blue-green above at base, } ellow beneath, the remainder and the whole of the 
2nd segment w lute, 3rd w ith a few pale scales at the base, otherwise dark bluish, 
as are also the 4th and Sth segments, mid tarsi as in the male, hind tarsi dark 
bluish-green except for a subbasal yellow ring to the 1st segment, and a wide 
basal white ring to the 2nd 

The t}pe male and female are at present m the British Museum, from the 
Krol klountain, near Solon, Western Himala}as, bred from larvae found in tree- 
holes, 7,000 feet, mu 1923 (Ban and) , one parat}pe female from the same place 
and one female from Sureil, Eastern Himala}as, x 1922 (Barraud), are in the 
klalaria Sur\ey of India collection, Kasauli, both bred from larvae found in tree- 
holes 


Megarhmus splendens (Wied ) 

Cttlei splendens, Wiedemann, 1819, Zoologisches Magazin, Band I, Stuck III, 

p 2 

Culex siibiilifer, Doleschall, 1857, Nat fijd v Ned Ind , Vol XIV, p 382 
Culcx jcgitis, Thwaites in Tennant, 1861, Nat His of Ceylon, p 434 
ilegailitniis nniniscncois, Theobald, 1901, Mon Ciil , Vol I, p 225, nec 
Walker, 1860, Join Pi oc L,inn Soc Bond , Vol IV, p 91 
Megarhiniis gilesii, Theobald, 1901, 1 c p 227 

Woicesteiia giata. Banks, 1906, Phil Join Sti , Vol I, 7 (Sept ), p 780 

7 0 lorhynrhitcs argentuotai sis, Ludlow, 1906, Can put, Vol XXXVIII 
(Novi ), p 367 

This is the only species of the genus which is generally common and widely 
distributed in India It is of large size and there are conspicuous lateral tufts 
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on the teiminal segments of the abdomen The wing is from 8 5 to 9 mm m 
length 

A good deal of variation occurs in the colouration of the scales covering the 
proboscis, the sides of the mesonotum, and the prothoracic lobes, and also more 
especially in the leg markings Tlieie is a much greater extent of white scaling 
on the tarsi in specimens from Bengal and Assam than in those from the Western 
parts of India, intermediate variations are, howevei, frequently met with 'The 
names given as synonyms above appear to refer to forms of one and the same 
species I have been able to consult neaily all the descriptions in the original and 
cannot discover reasons why any of them should be regarded as referring to 
distinct species 

Distinguishing characteristics, male and female — 

The straight stout basal part of the pioboscis purple or dark blue, usually 
some greenish scales at the flexuie, palpi purple, those of the male with pale 
scaling at the apex of the 1st segment, and a subapical nng on the 2nd, more 
marked m some specimens than m others Mesonotal scales dull bronzy-brown 
or greenish-brown, lighter towards the sides where they may be bluish or greenish, 
those over the wing roots and on the scutellum with a brighter sheen and either 
bronzy or bluish-green, scales covering the prothoracic lobes either brassy with 
bluish reflections, deep blue, or green, those on the proepiineia usually white or 
silvery Wings cross-veins r-m and m-cu much neaier the base of the wing 
than s {vide Text-figuie A above) Abdomen 1st teigite blue or green in the 
middle, pale yellow at the sides, the 2nd to the 7th deep blue, deep green, violet, 
or purple, the 2nd, 3id, and 5th with laige lateial yellow patches, similar but much 
smaller markings on the 4th, lateial tufts of long haiis on segments 6 to 8, those 
on 6 partly pale yellow paitly black, on 7 black, and on 8 oiange, some flat blue 
scales overlapping the base of each tuft, 4th sternite mainly dark, the 5th and 6th 
yellowq 7th dark bluish m the middle and basally, with lateral yellow patches In 
the male the abdomen is usually darker dorsally than m the female, the lateral 
yellow patches being smaller 

Variation in the tarsal maikmgs of the female m one specimen of apparently 
tins species from the Andamans the fore tarsi aie entirely dark, this may be an 
unusual aberration In all the other specimens examined (47, including one other 
from the Andamans) the 1st segment is mainly white, there is usually a nariow 
basal dark nng, and in some specimens there is also an apical dark ring, but more 
often the segment is white from near the base to the tip , there is a basal white 
ling on the 2nd segment vaiying m size from about 4 to or more of the length 
of the segment, the 3rd to the 5th segments are always dark On the mid tarsi 
the variation is very considerable, in the daikest fotm there is a subbasal white 
ring on the 1st segment and a basal white ring on the 2nd occupying rather more 
than half the length, and in the lightest form the five segments are white except 
for a dorsal dark mark at the base of the 1st and a dark tip to the 5th, between 
these two extremes numerous intermediate variations occur On the hind tarsi 
the 1st segment may be entirely dark or there may be yellowish oi white scaling 
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forming a more or less complete basal or subbasal ring, there is always some pale 
scaling on the 2nd segment which may form a narrow subbasal ring but more 
often the larger part of the segment is white, the last three segments are always 
dark 

The tarsal markings of the male from an examination of 36 males from 
various parts of India it appears that there is much less variation m the leg 
markings than m the female The fore tarsi are often entirely dark but in some 
specimens there is some light bluish scaling at the base of the 1st segment on the 
underside, and also sometimes at the base of the 2nd, m other specimens the 
bluish scaling is replaced by white, but even m the extreme forms these markings 
do not form aery definite rings On the mid tarsi there are usually well-defined 
white markings near the bases of the 1st and 2nd segments, and in many specimens 
from Bengal and Assam there is a wide subbasal ring on the 1st occupying about 
half the segment, and a basal ring on the 2nd covering about two-thirds On 
the hind legs the 1st segment may be entirely dark, or there may be some pale 
scaling at the base not forming a very definite ring, on the 2nd segment there is 
always a basal or subbasal w’hite ring occupying half or more of the length, 
segments 3 to 5 are alwa}S dark on the mid and hind legs 

Parts of the male genitalia are illustrated on one of the accompanying Plates, 
Figs 11 to 17 

Specimens have been examined from the following places — 

Bombay Presidency — North Kanara, Karwar, Kadra, and Yellapur, ix and 
X 1921 {Ban and), bred from larvae found m tree-holes, bamboo 
stumps, and earthenw'are jars 

Bengal — Eastern Bengal, Chittagong, viii 1922 {Barraud) , North Bengal, 
Sukna, X 1922 (Barraud) 

Assam — Nongpoh, Haflong, and Dibrugarh, vn and vm 1922 (Ban and), 
Nowgong (James John collr ) 

Eastern Himalajas — Tmdharia and Sureil, x 1922 (Ban and) 

Burma — Thayetmyo (IV J S /«</» am ), Katha, vii 1923 (Major Taylor) 
Andaman Islands — 1926 (Majot Covell) 


Megarhmus quasiferox (Leic ) 

Teiomyta quasiferox, Leicester, 1908, Cul Malaya, p 51 
Toxorhynchites javaensis, Theobald, 1911, Tijd v But , Vol LIV, p 233 

I have not seen any specimens of this species It evidently resembles 
'1/ splendens (Wied ) closely but differs m the characters given in the synopt’c 
table, and possibly in other small details It is mentioned as occurring m Sikkim 
in Edwards’ Synopsis published in Vol X, of this Journal, p 459 The type 
specimens are m the British IMusetim, from the Malay Peninsula (Leieester) A 
good description will be found in Leicester’s work cited above 
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ORlCNTiVI, GCNI^RA AT PRGSnNT UNRCPRCSENTTD IN IndIA 
The only Onental genera of winch no species have yet been found in India 
are Zengnomyia Leic , Wyeouiyia Theo , and Pardomyia Theo , these have not 
therefore been dealt with in this Revision One species of the first is known 
from the Malay Peninsula, one of the second from the Philippine Islands, and two 
of the last, one from Malay and the other from the Philippines It is possible 
that, with further collecting representatives of one or more of these genera may 
be found to exist in the Indian sub-continent 






Explanation op Plvtc XIV. 

Camera lucida drawings illustrating the structure of the male genitalia in 
Indian species of Hcizutaunta Ail the figures are drawn to the scale shown 
under Fig 10 

Fig 1 H hmtalayeiisis Clasper 
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Side-piece showing hair-tufts, clasper, etc 


Figs 5 to 9 are of very transparent structures and were drawn from heavily 
stained preparations 



ExrLAN\TlON Olf Pl^ATC XV, 

Camera lucida drawings illustrating the structure of the male genitalia in 
Indian species of Mcgaihunts All the figures are drawn to the scale shown 
under Fig 21 

Fig 11 M splciidcns A^entral view of one side of the hypopygium, ninth 
segment and hairs, etc , of side-piece not shown 
Lettering — 




S 

Side-piece 



C 

Clasper 



AC 

Appendage of clasper 



BL 

Basal lobe seen thiough side-piece 



HF 

Harpaginal fold 



BM 

Basal membiane 



EXA 

External apodeme 



BA 

Basal apodeme 



PP 

Parameral plate 



PH 

Lateral plates of phallosome 



AS 

Chitmi7ation of anal segment 



CR 

Crown of ditto 

ty 

12 

M ^plendens Basal apodeme 

ff 

13 

yy 

Parameral plate 

yy 

14 

yy 

Chitinizations of anal segment 

yy 

15 


Basal lobe and harpaginal fold 

yy 

16 

yy 

Lateral plate of phallosome 

yy 

17 

yy 

Ninth tergite 

yy 

18 

M kempi Ninth tergite 

yy 

19 

yy 

Clasper 

yy 

20 

yy 

Lateral plate of phallosome 

yy 

21 

yy 

Ninth sternite 

yy 

22 

M gravelyi Clasper 

yy 

23 

if 

Clasper 

yy 

24 

yy 

Ninth tergite 



Figs 

12 to 24 are drawn from flat preparations 
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would be likely to become entangled and crushed A wooden box is made to 
contain the cage and should be just large enough to allow of the latter being easily 
inseited and withdiawn without risk of damaging the netting 

When packing live mosquitoes for tiansmission by tram, motor, or parcel 
post, they are introduced into the cage through the sleeve and the latter then 
secured with tape A folded pad of wet lint is first placed at the bottom of the 
box, the pad being sufficiently thick to press against the bottom of the mosquito 
netting when the cage is pushed down into the box over it Some raisms are 
placed on the top of the cage, on which the mosquitoes may feed, the raisins being 
kept in place by a thick pad of cotton wool filling up the space between the top 
of the cage and the lid of the box (Fig 2) The Iid is attached to the box with ' 
only one screw so that it can be turned to one side and the cage easily removed 
without the necessity of withdrawing nails and screws The Iid is firmly secured 



to the box also with strong tape or webbing, and the whole then done up in brown 
papei and tied with string 

Explanation op Tpxt-Figures 

1 Wire frame and cage, showing method of securing fatter inside former 

2 Method of packing cage in box (on side of box removed to show interior) 
Lettering — W, wires forming frame, T, tapes fastening wires of frame to one another 

and securing cage to frame, C, cage made of small mesh mosquito netting, 
S, sleeve, B, tape binding to edges of cage, P, cotton wool pad filling space 
between lid of box and top of cage, holding in place some raisins resting on 
mosquito netting, LB, lid of box, SB, side of box, L, pad of wet lint lying on 
bottom of box and sufficiently thick to press against mosquito netting forming 
bottom of cage 

The apparatus described above is quite simple and can be made in the 
laboratory, or in almost any Indian bazaar, at very small cost 
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Di tails of cipcimtcuts canted out xoitli the apparatus described m this paper 
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a. 


Kasault 


Kannl 


Bomba J 


Coonoor, 

Nilffin 

Hills 


Kamal 


Gauhati, 

Assam 


Kamal 


Kasauli 


c. 

o 

y 

o 

aa 

3 

rt 

Q 


i § 

So 


I ^ 


18-7-1928 

20-7-1928 

10-8-1928 

10-S-192S 

28-11-1928 

28-11-1928 

4-12-1928 

4- 12-192S 

5- 12 1928 
5-12.1923 

14-12-1928 

14-12-1928 

18-3-1929 

18-3-1929 


irt Cl 

iJJ 

8 

\u-t C 


15,5 

3 C r" 


8 

10 

10 

10 

8 

10 

7 

10 

19 

14 

6 


aa y, 

i.2! 

’o’a 
c c 

Cl a 


o 

o 

B S 

rt ^ 

d 

C a 

iy1 

£2 c 


Remarks 


11 


11 


6 

4 

4 


100 

200 

1,035 

1,035 

1940 

1,940 

3,880 

3880 

1,460 

1,460 

1,460 

1,460 

1,754 

1,754 


Same specimens used as 
in 1 Lint redamped 
before return Eight 
mosquitoes survived 
double journey 


Same specimens used as 
in 3 Lint redaraped 
before return Eight 
mosquitoes survived 
the double journey 

Same specimens used as 
in 3(A) Lint re- 
damped All mos- 
quitoes survived double 
journey 


The lint appeared aIraos( 
dry when box wa\ 
opened 

Do 


I *Lan,-ae were obtained from eggs laid by both Anophelines and Cuhcines used in these experiments 
Sqme of the mosquitoes lued for one month after they were received, at which date the experiments wer/. 
terminated 
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Of the total number of mosquitoes used m the experiments an average of 
over 80 per cent smvived, and in the case of four batches there were no casualties 
m spite of the fad that in one case the mosquitoes travelled about 3,880 miles by 
parcel post 

In addition to the experiments detailed above, the method described has 
recently been tested in a practical manner by Major J A Smton, vc,obe,ims, 
Director, Malaria Suivey of India, during a rapid tour through the Vizagapatam 
Agency On 15th March, thirteen caught mosquitoes were placed in a cage at 
Ambadola, and the box containing this was packed in a larger box The lint 
(placed in this case over the raisins) was damped again two days later and the 
box was then brought back by motor and tram to Kasauli, a distance of about 
1,260 miles On opening the box on 21st March all the mosquitoes were found 
to be alive, and the female Anophelines, eight in number, were dissected for the 
detection of malaria parasites Thirty-eight other mosquitoes, bred from larvae 
collected m various places, were placed in another cage at Titlagarh, Patna State, 
on 17th March The cage was packed up and brought to Kasauli, a distance of 
about 1,230 miles The box was opened on 21st Alarch and thirty-six of the 
mosquitoes were found to be alive They were then repacked and posted to 
Karnal, a distance of about 100 nules from Kasauli, and when opened on the 
22nd March, thirty-five of the mosquitoes were still alive It may be mentioned 
that during a considerable pait of the journey from the Vizagapatam Agency, 
through Central India, to Kasauli, the maximum shade temperature was about 
100°F , and the atmosphere very dry, m contrast to the conditions of humidity 
ruling m Bombay in August, when other experiments, referred to above, were 
made 


SuGCrSTCD USltS FOR THF METHOD DPSCRIBpD ABOVF 

The method described will probably be found useful in many ways Some 
of the uses to which it could be put, which immediately suggest themselves, are 
as follows — ' 

1 Collectors may be sent out from a Central Laboratory for three or four 
days journey to a selected area wheie malarial conditions are being studied, mos- 
quitoes may be collected and brought back for dissection By the time the 
mosquitoes have anived, they will have digested any blood m their alimentary 
tracts and be in a suitable condition for dissection 

2 Freshly hatched Anopheles mosquitoes could be forwarded to a Central 
Laboratory, or other convenient centre, for feeding experiments in connection 
with malaria research, to test the susceptibility to infection of various species, with 
different strains and types of the parasite 

3 Living gravid female mosquitoes could be sent by collectors, by parcel 
post, from various parts of the country for breeding purposes The method 
described has already proved of value in this direction When received such 
mosquitoes can be put up in a suitable manner for oviposition m the base 
laboratory, where the study of the early stages and life-history can be carried out 
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under the best conditions This may also save a good deal of time and money 
m travelling about in the endeavour to obtain rare or local species for this purpose 
The cost of sending one of the boxes by registered parcel post is about fourteen 
annas 

4 In connection with the experimental transmission of disease by mosquitoes, 
the method described may be found of value The feeding of such insects upon 
infected human beings, or animals, is usually earned out in an area where the 
particular disease is endemic It is desirable then to carry out the second part of 
the experiment, viz , the refeeding of the mosquitoes on healthy human volunteers 
or experimental animals, in a non-endemic area, thus removing the objection, 
nearly always present if the second part of the experiment be earned out in the 
endemic area, that the volunteers or animals may have contracted the disease by 
some means other than b> the bites of the mosquitoes used m the experiments 
By using the method described above the mosquitoes could be safely sent by tram, 
car, or through the post, for any length of journey occupying from one to ten 
days, with a good chance of the majority surviving and being m suitable condition 
for the second part of the experiment It may be mentioned that the risk of the 
mosquitoes escaping from the cage during transit is practically nil, if they are 
properly packed 
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Postscript — Since writing the above an attempt has been made to transport 
living mosquitoes from Karnal, Punjab to London On April 4th, twenty-two 
mosquitoes were enclosed m a cage at Karnal The box containing the cage was 
then done up in brown paper and string, wrapped in a dressing gown, and packed 
in a sack-shaped kit-bag The box was not examined until my arrival m London 
on April 20th, when eleven mosquitoes were found to be alive The species used 
m the experiment were A fuligmosus 10 females (2 survived) , A cuhcifacies 
1 female (died) , C fatigans 8 females (6 survived) , C vishnut 2 females (both 
survived) , Aedcs (S ) aegyph 1 female (survived) The journey occupied 16 
days and is approximately 6,000 miles On April 22nd the mosquitoes were 
handed to Dr P A Buxton, London School of Tropical Medicine By that 
date one of the two surviving A fuligmosus was dead and the other raonbund 
The single Aedes (S ) aegyph was not kept as large numbers of the Karnal race 
had already been bred from the egg in London It is hoped that eggs may be 
obtained from the survivors belonging to the two species of Cnlev 

During April and May this method of transporting live mosquitoes has been 
used successfully by officers of the Malaria Survey of India 
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Cornwall and Beer (1926) proposed that certain standard conditions should 
be observed m testing the protective value of any form of anti-rabic vaccine 
These are — 

(1) The animals should be from half to three-quarters grown 

(2) The weight of fixed vans used m the course of treatment should be 

strictly propoitionate to the body-weights of the individual animals 

(3) The weight of fixed virus used for the animals should be strictly 

proportionate to the weight given or to be given to human patients 

In experiments hitherto undertaken in India to deteimine the protective value 
of carbohzed vaccine, conditions (2) and (3) have not been observed 

At the Pasteur Institute, Coonoor, the usual scheme of immunization in sucu 
experiments has been to inoculate guinea-pigs subcutaneously with from 0 5 c c 
to 1 cc of 1 per cent carbohzed vaccine daily for 14 days irrespective of the 
weight of individual animals 

Stevenson, King and Eahiri (1926) employed the same method of immuniza- 
tion of guinea-pigs (0 5 c c of 1 per cent vaccine daily for 14 days) in their 
investigation on the effect of heat on the Kasauli carbohzed vaccine 

Harvey and McKendrick m experiments with the same object gave their 
rabbits 5 c c of a 0 5 per cent carbohzed vacane daily for 14 days 

c 285 ) 
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ClIVRT 1 

Diagram to illustrate the etfect of pre-infectional inoculation with carbolized 
fi\ed virub aaccine on guinea-pigs 



Da>s aftei the test inoculation 


King, Xicholas and Dahui (1926) m a further senes of experiments at 
Kasauh to test the effect of heat on the carbolized vaccine used rabbits and 
modified Harvey and ilIcKendnck’s method of immunization only to the extent 
of using a 0 6 per cent \accine< 


In one experiment they ga\e twice the quantity of vaccine to a small series 
of rabbits and, as they obtained better protection with the double dose, they 
concluded that the doses used in the mam experiment were not maximal 

It is worth while to consider the degree of protection conferred by the 
relatively large quantities of carbolized vaccine given by these workers 

Cornwall (1916 unpublished) summarized the results obtained at Coonoor by 
imnmnizmg guinea-pigs with fresli vaccine and vaccine kept m the refrigerator 
for 2 months,— the test dose being an intramuscular injection of street virus 

Of untreated guinea-pigs 80 per cent died of rabies 

Of guinea-pigs treated with fresh 
vaccine 65 

Of guinea-pigs treated w ith vaccine 


which had been kept in the 
refrigerator for 2 months 45 

” 11 ,1 


Stevenson King and Daliin (1926) found that their vaccinated rrumea-oms 
lad acquired httle, if any, immunity when tested by intramuscular mjection^ot 

ferpltVvX’st'nr “Is being 

respectively 83 per cent and 88 5 per cent ^ 
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Edpeiiments on Rabies tvitli Vaccmes. 


Chart 2 

Diagram to illustiate the effect of pie-mfectional inoculation with carbohzed 
rabbit and sheep fixed virus vaccine on guinea-pigs 



Cunningham (unpublished experiment in 1927) failed to obtain any protec- 
tion against a subsequent corneal infection with street virus by immunizing 
rabbits with carbolized vaccine in doses propoi tionate to their weight or even in 
doses 10 times as large 

The following table gives a summary of the lesults obtained by the various 
workers refeired to above — 

The experiments detailed below were earned out at the Pasteur Institute, 
Coonoor, in 1927-28 Then objects were (1) to determine the immunizing 
power, if any, of carbohzed vaccine when given in doses proportionate to those 
given to human beings at Coonoor, (2) to compare the immunizing power of 
carbohzed vaccine in doses proportionate to those given to human beings at 
Coonoor with that of etheiized vaccine in doses pioportionate to those given to 
human beings by Ahvisatos, (3) to compare the immunizing power of etherized 
vaccine given by Ahvisatos’ method in doses pioportionate to weight with that of 
carbohzed vaccine in the same doses given at the same intervals 

The carbohzed vaccine was the same as that used for human patients, viz, 
a 1 per cent suspension of fixed virus biain in normal saline containing 0 5 per 
cent of phenol 

Before use it was diluted to 1 in 20 with carbohzed saline The dose given 
in experiments I, II and III was 0 16 c c of the 1/20 per cent suspension per 
100 grammes weight of guinea-pig daily for 14 days The total weight of brain 
substance injected was therefore 1 1 mg per 100 grammes of weight which is 
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Ecupenments on Rabies with Vaccines. 


proportionate to the amount given at Coonoor to adult patients, assuming the 
weight of an average adult to be 63 6 kilograms 

The etherized vaccine was piepared as follows — 

Rabbits’ fixed virus brains were removed aseptically and suspended in 60 c c 
of Merck’s ether m sterile bottles In experiment III whole brains were 


Chart 3 

Diagram to illustrate the eftect of pre-infectional inoculation with carbolized 
and etherized fixed virus vaccines on guinea-pigs 



Days aftei the test inoculation 


Chart 4 

Diagram to illustrate the effect of pre-mfectional inoculation with carbolized 
and etherized fixed virus vaccines on rabbits. 



Days after the test inoculation 
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immersed m the ether and m experiment IV half brain After the required 
period ot iimnersion the branii. were remo\ed and cut up into several pieces m a 
sterile glass dish which was then put undei a Bulloch’s jar for one hour, the an 
being exhausted 3 or 4 times during this period to remove the ether The 
brain substance w as then cmulsifiea m 2 parts of sterile neutral Merck’s glycerine 
containing 25 per cent of noimal saline The emulsion was kept m tlie 
retngerator (temperature 40° — 42°F ), and dilutions were made as required 
tor the immuni^mg injections 

'Ihe longest period for which the gljcernie emulsion used for preparing the 
injections remained in the retngerator before use was 72 hours All the etherized 
braiiis used in the immunization experiments weie tested for mfectivity by in- 
oculating 0 002 grammes of the brain substance under the dura mater of rabbits 
or guinea-pigs None ot the animals developed rabies showing tliat we were 
dealing with a killed or highly attenuated virus The etherized vaccine was given 
according to Ahvisatos’ scheme, dosea for weight, as shown below — 

Doses pi.r 100 grammes ut-ight of guinea-pig o> rabbit 

Ibt daj — Z’S mg (0125 cc. of 2 per cent suspension oi fixed vims brain kept in ether 
for 84 or 72 hours) 

2nd da ) — 25 uig (0'125 cc of 2 per cent suspension of fixed \irus brain kept m ether 
for 84 or 72 hours) # 

5th da ) — 25 mg (0'125 cc. of 2 per cent suspension of fixed virus brain kept in ether 
for 72 or 60 hours) 

7th da) — IS nig (0'075 cc of 2 per cent suspension of fixed virus brain kept m ether 
for 72 or 60 hours) 

9th da) — 15 mg (0'075 cc of 2 per cent suspension of fixed virus brain kept iii ether 
for 72 or 60 hours) 

12th da) — 15 mg (0'075 c c of 2 per cent suspension of fixed virus brain kept in etlier 
for 60 or 48 hours) 

14th da> — 10 mg (O'OS cc of 2 per cent suspension of fixed virus brain kept in ether 
for 60 or 48 hours) 

15th day — 1 0 mg (O'OS c c of 2 per cent suspension of fixed v irus brain kept m ether 
for 60 or 48 hours) 

Total 14 mg oi etherized fixed virus bram in 15 da)s 

In experiment IV the carbolized and etherized vaccine were prepared from 
the same fixed virus brains, one-half of each brain being used for preparing the 
etlierized and the other halt for the carbolized vaccine The carbolized vaccine 
was given in the same doses, for weight, of fixed virus brain substance and on 
the same days as the etherized vaceme 

In expenments I, II and III the animals were kept under observation foi 
3 months from date of receiving tlie test dose In experiment IV the observation 
period was 2 months from date of receiving test dose 
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Expenmeuts on Rabies with Vaccines 


Hvpoiment I 

Immunizing effect of small closes of carbolized fixed virus The doses of 
vaccine were proportionate to those given to patients Guinea-pigs were used in 
the experiment — 


(1) 

Groups 

Immunized 

Controls 

(2) 

Initial number 

SO 

SO 

(3) 

Deaths before test dose 

2 


(4) 

Number given test dose 

48 

SO 

(S) 

Average weight in grammes 

584 

S60 

(6) 

Deaths at test dose 



(7) 

Deaths after test dose not due to rabies 

4 

7 

(8) 

Final comparative strength 

44 

43 

(9) 

Deaths from rabies in (S) 

9 

34 

(10) 

Proportion of deaths from rabies (9) and (8) 

0-2 

0-8 

(11) 

Average period in days between infection and 

40 

20 


death in (9) 


The immunized animals were given 14 daily injections of carbolized vaccine 
prepared from fixed viius labbit brains and cords The dose was 0 16 cc of 
1/20 per cent suspension per 100 grammes Test dose was 1 cc of a 1/40 
suspension of guinea-pig street virus (1st passage from dog) per 500 grammes 
of body-weight, injected into the muscles of neck — ^25 days after the last 
immunizing dose The incubation period of the stieet virus for the guinea-pig 
after subdural injection was 13 days 

Brpenment II 

Immunizing effect of doses propoi tionate to those given to human beings of 
carbolized rabbit fixed virus and carbolized sheep fixed viius compared Guinea- 


pigs 

were used in the experiment 

— 





Carbolized rabbit 

Carbolized sheep 

Controls 



fixed virus 

fixed virus 

(1) 

Groups 

vaccine 

vaccine 


(2) 

Initial number of animals 

SO 

SO 

so 

(3) 

Deaths before test dose 



1 

(4) 

Number given test dose 

50 

50 

49 

(5) 

Average weight in grammes 

584 

596 

526 

(6) 

Deaths at test dose 


1 

1 

(7) 

Deaths after test dose not due 

I 

2 

to rabies 




(8) 

Final comparative strength 

49 

47 

48 

(9) 

Deaths from rabies in (8) 

20 

28 

43 

(10) 

Proportion of deaths from 

0 41 

06 

0*9 

(11) 

rabies (9) and (8) 

Average period m days between 

15 2 

19 

146 

infection and death in (9) 
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The test dobc ^\as gneu 17 days after the last dose of vaccine It was 1 cc 
of a 1/60 suspension of giunca-pig street virus (1st passage from dog) per 500 
grammes and \\as injected deeply into muscles of neck Incubation for 1st 
passage gtiinca-pig 17 claj s after intraimiscniar inoculation 


Ripcitnicnl HI 

Guinea-pigs were used in the cxpeiiment — 


ndiorimt weeme, Carbolized vaccine, 

\Inisatos' method Indnii method 
doses proporliointe doses proportionate Controls 
to those used for to tliosc used for 
human beings human beings 


(1) Initial number 

(2) Deaths before test dose 

(3) Number gnen test dose 

(4) Ascrage i\ eight in grammes 

(5) Deaths at test dose 

(6) Deaths after the test dose not 

due to rabies 

(7) Final comparatne strength 

(8) Deaths from rabies in (7) 

(9) Proportion or deaths from 

rabies (7) and (8) 

(10) A\ erage period in days bclw cen 

infection and death 


25 

25 

25 

25 

25 

25 

562 

546 

614 

2 ♦ 

1 

1* 


22 

24 

25 

”0 

7 

IS 

0/22 

7/24 

15/25 

0-0 

0-29 

06 


114 

110 


♦Due to spinal injury at time of giving the test dose 


The test dose was a 1/50 suspension of 5 different street virus guinea-pigs' 
brains (1st passage from dogs) One cc of this suspension was injected deeply 
into the muscles of the neck 17 dajs after the completion of immunization 

The incubation periods of the 5 street viruses after subdural inoculation into 
guinea-pigs varied from 11 to 16 days 


Bxperiment IV 

Rabbits were used in the experiment — 




Carbolized 

Etherized 




fixed virus 

fixed virus 

Controls 

(1) 

Initial number 

25 

25 

25 

(2) 

Deaths before test dose 

0 

2 

0 

(3) 

Number given test dose 

25 

23 

25 

(4) 

Average u eight m grammes when given test dose 

1,775 

1.717 

1,494 

(5) 

Deaths at test dose 




(6) 

Deaths after test dose not due to rabies 


2 


(7) 

Final comparatne strength 

25 

21 

25 

(8) 

Deaths from rabies m (7) 

16 

9 

25 

(9) 

Proportion of deaths from rabies (7) and (8) 

16/25 

9/21 

25/25 



064 

0-43 

100 

(10) 

Average period m days between infection and 
death 

184 

18 3 

138 
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Expet imeoits on Rabies with Vaccines. 


The carbolized and ethenzed vaccines were prepared fiom the same brains, 
half of the brain being made up into carbolized vaccine and the other half put in 
ether The half brains were kept m ether foi 48, 60 and 72 hours The rabbits 
were given ethenzed vaccine according to Ahvisatos’ scheme, doses for weight, 
72 hours brain being used for the first 2 injections, 60 hours brain for the next 
three and 48 houis brain for the last three 

The carbolized vaccine was given at the same time and in doses containing 
the same amount of brain substance for weight as in the corresponding doses of 
ethenzed vaccine 

The test dose was fresh guinea-pig street virus brain (1st passage from dog) 
incubation penod 9 days foi the guinea-pig aftei subdural injection A thiclr 
emulsion was rubbed into the scarified cornea 12 days after the last immunizing 
injection 


Method oe Testing Immunity 

Preliminary experiments at Coonoor had shown that, whereas 100 per cent of 
rabbits can be infected by inoculating stieet viius on the scarified cornea, only 
about 20 per cent of guinea-pigs could be infected in this way 

In view of these results the method of infection adopted m experiments I, 
II and III, for which guinea-pigs weie used, was the intramuscular injection of 
street virus The street virus was guinea-pig’s biain, the animals being infected 
directly by subduial inoculation of the labid dog’s biain 

Suspensions of biain diluted from 1 in 40 to 1 in 60 were injected deeply 
into the neck muscles, rhe dose being 1 c c per 500 gi amines weight of guinea- 
pig 

In experiment IV for which labbits weie used the method of infection 
was inoculation of a thick suspension of guinea-pig street virus (1st passage from 
dogs) on the scaiified coinea 

Further details aie given m the piotocols and charts of the experiments 

Discussion 

In three separate experiments the immunity of guinea-pigs which had been 
tieated with carbolized fixed virus in doses foi weight pioportionate to those 
used in the treatment of human beings was tested by the intramusculai injection 
of street virus fiom 17 to 25 days aftei the last immunizing dose The sum- 
marized results of the three experiments show 36 deaths fiom labies among 117 
immunized animals and 92 deaths from labies among the 116 contiols, that is, 
rabies mortalities of 30 7 per cent and 79 3 per cent respectively 

The results compare favourably with" those obtained at Coonoor and else- 
where in India by immunizing guinea-pigs with quantities of carbolized fixed 
virus from 19 to 30 times as large {vide Table) Cunningham (1927) failed 
to raise any immunity in labbits with doses of carbolized vaccine proportionate to 
those used for human beings or even with doses 10 times as great 
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Cunningham, as stated, used rabbits in his experiments and employed a 
severer test for imimimO, uz, corneal inoculation of street virus, which gave 
100 per cent rabies mortality aniong Ins controls So our results are not com- 
parable uith his 

In tuo experiments etherized and carbohzed vaccines were compared In 
experiment III in which guinea-pigs were used the carbohzed vaccine was given 
in doses proportionate to those gnen m India to hnimn beings and the etherized 
raceme in doses proportionate to those given to human beings by Alivisatos The 
rabies mortalities among the etherized vaccine, carbohzed vaccine and untreated 
groups were respectneh ml, 29 per cent and 60 per cent The test m this 
experiment was the intramuscular injection of a suspension of 5 different street 
riruses It is seen that witli a comparatir ely mild infection (60 per cent 
mortality among controls), pre-infectional immnnization rvith etherized vaccine 
completely abolished the rabies mortality 

111 experiment I\'’ m winch rabbits were used tlie carbohzed and etherized 
vaccines were prepared from the same fixed virus brains The doses of both 
vaccines contained the «anie amounts of fixed virus brain (per 100 grammes of 
rabbit) and were given at the same intervals The test for immunity was the 
inoculation of street virus on the scarified cornea 

The rabies mortalities m the etherized vaccine, carbohzed vaccine and control 
senes were 43, 64, and 100 per cent respective!} The result suggests that weight 
for weight the etherized fixed virus has a higher antigenic value than carbohzed 
fixed vmis On the other hand, a reference to the protocol of experiment IV 
shows that the carbohzed fixed virus w'as somewhat less injurious than the 
etherized fixed virus 

The etherized fixed vinis used in experiments III and IV was dead or 
highly attenuated as it failed to infect guinea-pigs or rabbits when injected 
subdural]}^ 


SuvtVI VRV 

( 1 ) Carbohzed v aceme in doses proportionate to those used for human beings 
confers considerable protection to guinea-pigs against subsequent infection with 
rabies 

(2) Guinea-pigs and rabbits immunized with etherized fixed virus by 
Ahvisatos’ method show a higher degree of immunity than is obtainable by 
immunization with carbohzed fixed virus even when the latter is given m the 
same quantity for weight as the ethenzed fixed virus 

REFERENCES 

Acton, H W and Knowi.es, R Ind Jour Med Res, Vol X, No 4, p 1052 
(1923) 

CORNWVEE, J w (1916) Unpublished experiments earned out at the Pasteur 

Institute, Coonoor 

!d.,„ ^vnh Beer, W A (1926) /„d /our Med Res. Vo! XIII, No 4. pp 803-^06 



298 


A Bat-Flea Siuvey of the Mach as Piesiclency, 

REPORT NO. I. 

A rat-flea survey of HOSUR, SALEM DISTRICT 

BY 

P V SEETPIARAMA IYER, m a 

Towards the end of August, an investigation unit of the King Institute, 
under me was sent to hlosur where it was soon joined by Doctors N Natarajan, 
MB, B s sc , and P V George, b a., b m s , working under the Research Fund 
Association My thanks are due to them for their help and to Col King for 
advice and guidance in the Survey and help in the report 

Genbrab 

Sttiiaiion — Hosur, a small town, is the head-quarters of the Hosur Taluk 
m the Salem District It is 25 miles from Bangalore lying on the trunk road 
from Bangalore to Knshnagin The Morappur-PIosur narrow gauge railway 
connects Hosur with die mam line of the South Indian Railway Malur on the 
Madras and Southern Maharatta Railway is anothei railway station accessible 
to and used by the people of the Taluk It was once a place of military impor- 
tance and commands all lines of communication to Mysore 

Hosm — The town consists of two parts (1) Hosur proper or the new 
‘ Peta ' and (2) Therpet or the old ‘ Peta ’ There are more than 1,000 houses 
in the town and the population according to the last census (1921) is 5,519 

The whole town presents a desolated appearance and a number of houses are 
seen all round abandoned and in rums The yearly visitation of plague has 
been mamlj instiumental in the rapid decline of the town 

Therpet village lies south-east of the town at the foot of the Pagoda Hill 
It was a place of impcwtance but is now almost deserted The streets are lined 
with abandoned choultries for pilgrims, but the few houses that remain are seen 
clustered round the village tank 

There are a number of small wayside hamlets lying scattered all round 
Hosur along the various routes of communication A hamlet on the side of each 
of the mam roads was also surveyed during the period (vide Maps) 

Popubation 

The population according to the last census (1921) is 5,519 Due to chronic 
po'verty and disease, the population figures show a steady decline 

TabbC I 

Name of place 

1 Hosur town including Therpet 

2 Pedda Jibi 

3 Basti 

4 Chanasundaram 

5 Dinnur 

6 Alasanattam 
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A Bat-Flm Survey of the Madias Piestdency 

HOSUR TOWN AND ENVIRONS SHOWING THE VIEEAGES 

SURVEYED 



The majority of the population consists of Elindus, a little ovei one-nmth 
being Mohammedans 

Economic Condition of thf Pfopdc. 

The people of Hosur are as a class poor, mainly consisting of agriculturists, 
weavers and cowherds There are no industries of any importance in the place 
The crops raised in the area mainly consist of ragi, pulses and cholam Due 
to the absence of irrigation facilities, the crops are at the mercy of the monsoon 
and famines are an ever recurring feature of the Taluk 

The gram trade is concentrated m the hands of ' Komatties ’ who carry on 
a brisk trade with the Mysore border The chief centres of distribution and 
exchange of different commodities are mainly the bazaar and the weekly market 
Every Wednesday, at the weekly market, the ryot disposes of his produce and 
purchases the necessanel^ of life, such as doth, salt, chillies, etc Next in 
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iinportiiice is the tnde iii cattle and (hiring the hiisy agricultural season, nearly 
a thou'-anil hend of cattle elutige hands on the \\etkly shandy day, the chief 
buyers being liom llie I* ist Coast districts and M\sorc 


IToisi\r. Conditions 

Ihe' houses arc ninsth tile*' or thatched and iistialh consist of a single floor 
1 he thatching inateria! used for huts is niainh ‘ kanihn ’ straw and ‘ cholam 
stalks 'Ihe poor clashes Inc in one room tenements hut most of the houses 
base at least two rooms, occasionally with a court -s aril in front The houses 
are aery insamtars, the cattle of the house and tlie inmates all usually being 
accommodated m the same room 'Ihe room senes as a sleeping room, the floor 
either bare or often with a grass mat serving as a bed One can observe scattered 
all round the room wooden bo\cs, heap* of firewood, and dung cakes used as 
fuel, which give ideal shelter tor rats 

'I he majority of the hoiiscs iiave mud walls and these arc frefjucnth riddled 
with rat holes and crevices ' R igi ’ is stored m pits, cNcavated m the floor of 
the houses These pits are 10 feet to 12 feet deep and have a flat hottona and 
a clomc-ltke top with a manhole 'flic common tvpe of floor made of beaten earth 
offers no obstacle to rats which form e\tcnsive burrows 

The roofs of houses consist of wooden beams supporting a lattice of bamboos, 
on which are laid two or three layers ot country tiles with deep channels These 
tiles afford great facilities for the siieitcrmg of rats during the day time 

Every house has, either in front or behind, an open dram into which is 
thrown all the refuse from the house It is surprising to see people in this 
plague infected area regarding the presence of rats m the Iiouses with tolerance 
and even reverence Some Hindus regard rat destniction as irreligious and 
refuse permission to have traps placed in their houses 

^lrTi0R0i.0Gicai, Conditions 

General — The town is situated at an elevation of about 2,875 feet above 
sea-level, the Pagoda Hill in the vicinity being 3,126 feet 'fhe climate is 
salubrious and pleasant through the greater part of the year ENact observations 
regarding humidity' are not available During the survey period a few records 
were made of the daily fluctuations m the state of the atmosphere The maximum 
and minimum wet and dry bnlb temperatures reached were as follows — 


Taiji,i: II 


Time 

Dr\ 

Bucb 

: WfiT Bulb 

J,Ca\imum 

\tmnnum 

1 I 

1 

Minimum 


73-4 

70-7 

67 3 

65 3 


83 8 

78‘8 ! 

716 

66 5 


831 

779 

70-1 1 

684 









302 
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The relative humidity of the atmosphere was as high as 70 per cent in the 
mornings (8 \ m ) and during the day it gradually fell to 48 6 (2 p ir ) A 
steady rise was again noticed during the night time 

Rainfall — The distribution of rainfall is uneven Rain sets m late m April 
and in a normal year heavy rams may be expected in May Irregular shower^ 
occur in June, July and early August, the real monsoon rams falling during 
September and October The average annual rainfall for the last nine years is 
27 02 inches, the months of September and October contributing 9 57 inches on 
an average Thus in 1925, more or less a typical year, the monthly rainfall was 
as follows January ml, February ml. Match, 0 26, April, 179, May, 7 69, 
June, 1 99, July, 0 81, August, 3 78, September, 6 76, October, 1 13, Novem- 
ber, 2 8 , December, 2 23 

The month of September this year — the period of the present survey — had 
been unusual in that it lecorded the lowest rainfall for that month during the 
last nine years 

Tewpeiatin e — The temperature is most equable No official records of the 
temperature were available, but it is probable that the temperature rarely goes 
higher than 90°F 

During September which covers the period of survey, the maximum tem- 
perature recorded was only 83 8°F , while the minimum was 70 7°F The 
hottest part of the year is generally in May and June 

Survey 

The period during which the suivey was carried out extended from the 30th 
August to 2nd October, 1928 September is usually the beginning of the plague 
season in the locality During September this year (1928), 14 attacks and 4 
deaths from plague weie recorded Tiapping of rats was done on 27 occasions 

Proccdurc Adopted 

The traps used were of two kinds — one the usual wire caged trap allowing 
only ingress of rats through a hinged and weighted platform but with a single 
compartment, while the other, a bigger pattern, had a second compartment m 
addition 

Traps were distributed every evening in the areas selected and care was 
taken to see that traps were placed in portions of houses frequented by rats 
In the early morning the cages were gathered and each trap containing rats 
was at once covered with a strong calico bag to pi event escape of any flea on 
the way to the laboratory The bags with the traps were placed inside a wooden 
air-tight box and cliloroform was added In about 20 minutes the rats and the 
fleas on them weie invariably found dead Each cage was then taken on to a 
table with a sheet of white cloth spread over it and any loose fleas in the cage 
were gathered first The dead fleas on the rats were combed on to the white 
surface and picked up with a fine camel hair brush moistened in alcohol The 
majority of the dead fleas were in the bag and these were collected last 
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Care was t.iken to colltct all the llcas on every rat trapped I£ more thair 
one lat was present in a cage, the fleas ueie considered as coming equally from 
all the lats 

When tlie day’s collection of rats had been dealt with, the fleas gathered 
from c ich cage ucic cleared ir a boiling solution of caustic potash, for 
c\animation 

The following details wcie recorded legarding each rat ~ 

1 Locdity and the house in which it was trapped 

2 Kind of rat and sex 

3 Number of fleas gathered 
Kinds of fleas and their sexes 

5 Other ectoparasites found 

Dffinition or Zonps 

Hosur proper was divided foi the purposes of the survey into 8 wards 
The mam roads passing through the heart of the town made it easy to effect a 
clear cut division into distinct areas 

Therpet forming part ot Hosur town and a few other villages were also 
sur\e}ed These villages he along the main roads and consist mostly of a cluster 
of thatched huts occupied by the poorest class of people depending on agricultuie 
for their livelihood 

IVatd I High School Road — This commences at one end of the town and 
runs straight passing through the bazaar area in its middle The Mohammedans 
occupy the eastern half of the street exclusively, while the otlier half is mamly 
Hindu 

Ward II Post Office Road — Part of the trunk road i tinning from Banga- 
lore to Krishnagiri and contains the gram godowns and the cloth bazaar 

Ward in Baccaat area — Comprises the portion of the road cutting across 
the town from Malur to Mattigiri The bazaar proper comes within the area 

Ward IV Janappar area — ^Constitutes the northern portion of the town 
to the W’est of the Malur Road and to the north of the Post Office Road This 
contains houses mostly belonging to labourers 

Waid V Weaver area — Mamly consisting of weavers, ‘ Pallis ’ and others 
trading m fish It lies to the east of Malur Road and north of Post Office Road 
This portion is cut up by a number of narrow lanes traversing it in all directions 
The houses belong to the middle class people but are low roofed and ill-ventilated 
Ward VI Vanyai atca — The area to the south of the High School Road 
and to the west of the Malur Road is mainly occupied by Vanyars who carry 
on a brisk trade in gmgelly oil Collars, a caste of cattle graziers, also live 
here 

Ward VII 'Hindu’ area — Mainly occupied by Hindus The part of the 
town to the south of the High School Road and to the east of Malur Road cornea 
under this ward 
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Ward VIII Taluk Office area — ^This comprises the area covered by the 
Government buildings, Travellers’ Bungalow, Police Bines, etc , and lies to the 
south of the town at a distance of about 2 furlongs 

RcsuIvTs THr, Survey 

Distribution of rats — During the survey, 379 rats were trapped Barring 
a few houses, every house m each area was given a trap and sometimes two, 
and Table HI (a) and (f?) gives an idea of the rat prevalence in the various wards 
of the town and m the villages around 


Table HI (a) 


No 

Name of Ward 

Number of 
traps laid ^ 

Number of 
traps with 
rats 

Traps with 
rats for 
100 traps 
laid 

' Number of 

1 rats caught 

Number of 
rats caught 
, for 100 
traps laid 

1 

High School Road 

135 j 


1 

1 

28-9 

2 

Post Office Road 

73 


0-1 


89*0 


3 Bazaar area 104 3 

4 Janappar area 

5 Weaver 

6 ' 


40 
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may be true or nuy be an accident clue to the fewer number of traps laid m thw 
area 

Eight hundred and fifty -si\ tiaps were distributed m Hosur town m 127 of 
which rats were obtained, the number of rats being 302 The average works out 
at 35 rats in 15 (iaf>s foi cvnv 100 liaps laid m the area The non-appearance 
of plague in Plobur m the year 1927 has given the rats an opportunity to reach 
their normal density Hirst fl927) considers the average of 30 2 rats for 100 
traps obtained by the Indian Plague Commission for Madras as a fairly represen- 
tati\e figure 

The villages of Pedda jib' and Dinnur gave fairly high yields and this i5 
not surprising m \iew of the housing conditions prevailing m the locality 

SpLtits AND Sr\ or Rats 

The rats trapped nelong to the species Rat ins >attus Both varieties — the 
white bellied and the brown bellied — were repiesentcd, the latter predominating 
{vide Table IV) The white bellied \ariety formed nearly one-fifth of the 
total catch 

Table IV 


No 

Area 

NcvinER OF R\TS j 
(R rail us) j 

1 Number of wnirc 

1 BFrriFD BITS j 

Number or nnowv 
DErilED lUVTS 

1 ! 
^ 1 

1 

A 1 

^ 1 

'T' 1 

V> \ 

•g 1 
^ ' 

Total 

Males 

Females 

Total 

Males 

V> 

E 

1 

High School Road 

39 I 

11 

28 

7 

1 

1 

2 i 


32 

9 

23 

2 

Post Office Road 

65 ’ 

17 

48 

17 

i 

5 

12 

48 

12 

36 

3 

Bazaar area ; 

72 

20 

52 

8 

1 

7 

64 

19 

45 

4 

Janappar area 

25 

12 

13 

2 

1 

1 I 

1 

23 

11 

12 

5 

Weaver area | 

40 

12 

28 

10 

2 

8 

30 


20 

6 

Vanjar area j 

SO 

15 

35 

9 

1 

1 

8 

41 

1 

27 

7 

Hindu area I 

10 

6 

4 

2 i 

0 

2 

8 

! 6 

2 

8 

Taluk Office area 

1 


1 

1 


1 

0 

1 ; 
i 



Totac 

302 

93 

209 

i 

56 j 

12 

! 

44 i 

246 

81 i 

165 

1 ] 

Therpet 

37 

14 

23 

10 

4 

, 6 1 

27 

1 

1 

2 , 

Chanasundararo 

7 

t 2 

! 5 

2 

: 0 

! 2 

5 

1 

1 3 

3 ! 

Alasanattam 

8 

4 

! 4 

2 

j I 

1 

6 

3 

1 

1 3 

4 

Pedda J)bi 

11 

2 

9 

' 1 

0 

1 

10 

2 

8 

5 

Bast! 




1 






6 

Dinnur 

10 

3 

7 

i 

i 



10 

3 

7 





























306 


A Bat-Flea Suivey of the Blachas P)esidency. 

Regarding sexes there is a striking disproportion between males and 
females Females preponderate, 69 2 per cent of the total number of rats 
obtained belonging to this sex This disparity between the two sexes is seen in 
both the vaiieties of rats, the males in each case being only 21 4 and 23 per cent 
of the total respectively 

A few piegnant rats were encountered hut in the absence of a systematic 
examination of all rats caught to see whether they were pregnant or not, it is 
not possible to say definitely if the rat population at Hosur is on the increase 

Bait 

In the course of trapping operations, an attempt was made to evaluate the 
efficiency of diffeient baits to attract rats The following baits were tried (1) 
ground-nut, (2) cakes made of ‘ ragi,’ (3) salt fish, (4) onions, (5) chillies, and 
(6) half fried cocoanut 

The baits used in the bazaar area and the Post Office Road where the density 
of rat population is very high have not been consideied in assessing the efficiency 
of diffeient baits The owners of houses wheie tiaps were distributed veiy 
often added baits of their choice, in spite of instructions not to do so This 
will vitiate the conclusions, but a geneial idea of the comparative values can be 
formed by a reference to Table V 


Tabi^E V 


No 

Baits used 

Number of 
traps laid 

j Number of 
traps with 

1 rats 

Number of 
rats caught 

Number of 
rats per 100 
traps 

1 

Ground-nuts 

197 

23 

55 

28 

2 

Ragi cake 

157 

26 

43 

27 4 

3 

Fried cocoanut 

35 

7 

9 

25 7 

4 

Salt fish 

113 

17 

27 

24 

5 

Onions 

201 ! 

19 

37 

18 4 

6 

Chillies 

25 

2 

2 

8 


Ground-nuts and cakes made of ‘ragi,’ the local gram come at the head of 
the list as regards efficiency in attracting rats Next in order come the salt fish 
and the half fried cocoanut 


Incidence of Peague in Trapped Rats 
To form an estimate of the numbei of tiapped lats found infected, nearly 
200 rats collected from different areas were opened up and examined for any 
pathological signs of the disease A smear from the spleen was examined for 
plague bacilli in every case The results were entirely negative 
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Fi,i,a SuRvry 

Gciicnil — Fue spc.cK.'j of fleas were found to occur on IIosui lats 5,417 
rat-fleis were' eolleeted fioin Ilosur and the adjoining villages, of wliieh Plosur 
alone contriljuted 4,097 Except for tw'o siieeiinens of Ctciioccj’lialns cams and 
one of Liluiliiol’haga cjalUmuia, all the re>in.iining fleas belonged to the genus 
\tiwpsylhi Ml the thiee Indian spceics of Xtnopsylla were lepresented, X bra- 
siliciisis alone foiining nearly 63 per cent of the whole The highest nuinber of 
fleas obtained on a single rat wis 110 and theie w-as only one rat and that a young 
one, without any fleas found on its body 

PkIli iiiiliiiis, the huinan flea, is so eoinnion in houses that it has almost be- 
come a pest m the locaht) The crevices and holes m the mud walls of hotisei 
aflord them excellent shelter and large numbers of them can be taken without any 
lifliculty 116 specime IS thus caught were (\ammcd and all of them with the 
exception of thiee Xoiops^lla proved to lie Piilci tnilaiis Although Pulex la 
rarely found on rats, it is siirpnang that out of 5,117 rat-fleas examined, not one 
belonged to this genus 

Sc\ propo) lions — ]More than 62 per eent of the lat-fleas collected m Hosur 
town were males Ihe pereentage of males varied from 53 to 63 m the various 
villages examined The preponderance of the male sex is brought out very 
strikingly when the figures foi the various divisions are examined 


Tabi,b VI (o) 


No 

Area 

1 

1 

Total fleas 

Mall 

1 

FhSIAIl 

1 1 

1 1 

^ Number 

i 

Percentage 
of total 

Number 

Percentage 
of total 

1 

High School Road 

498 

301 

60-4 

197 

39 6 

2 

Post Office Road 

716 

441 

616 

275 

38 4 

3 

Bazaar area 

804 

526 

65 4 

278 

346 

4 

Janappar area 

391 

238 

60 9 

153 

39-1 

S 

Weaver area 

705 

463 

65 7 

242 

34 3 

6 

Vanyar area 

868 

501 

57 7 

367 

42-3 

7 

Hindu area 

112 

74 

661 

38 

1 

! 33-9 

8 

Taluk Board area 

3 

1 


2 



Total 

4,097 

1 

2,545 

a 

1,552 

37 9 
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Tablc VI (&) 


No 

1 

Area 

Total fleas 

Mali, 

FbMAIC 

Number 

Percentage 
of total 

Number 

Percentage 
of total 

1 

Therpet 

759 

-107 

53 6 

( 

352 

46 4 

2 

Chanasundaram 

138 

74 

53 6 

1 

64 

46 4 

3 

Alasanattam 

no 

62 

56 4 

48 

43*6 

4 

Fed da Jibi 

208 

1 

132 

63 5 

1 

76 

36 5 

5 

1 

Basil 



1 



6 

Dinnur 

95 

54 

56-8 

41 

43 2 

7 

Wild places 

10 

7 


3 



Table VII (a) gives the percentages of males and females in different area'> 
for the three species of Xenopsylla The males of X chcopis and X biasihcnsis 
constitute 66 4 and 64 1 per cent of their total, while the distribution of sexes in 
X aska is irregular Nearly 56 per cent of X aska were females 

The abnoimal high proportion of males among X chcopis and X btasihensis 
and of females among X aska is also bi ought out when the figures for fleas col- 
lected in the adjoining villages are examined {vide Table VII {b)) 


Tablc VII {b) 


No 

Name of area 

1 

1 

X 

chcopis 

Z 

biastheusis 

X astia 

Total 

Percentage 

Male 

Percentage 

Female 

Total 

Percentage 

Male 

Percentage 

Female 

Total 

Percentage 

Male 

o 

fcfl 

C n! 

a 6 

1 

1 t 

Therpet 

241 

53 5 

465 

429 

55 9 

441 

89 

42 7 

57 3 

2 

Chanasundaram 

23 

69*6 

30-4 

35 

743 

25 7 

79 

40 5 

59-5 

3 

Alasanattam 

44 

68*2 

318 

33 

66 7 

33 3 

33 

30*3 

697 

4 

Pedda Jibi 

49 

65 3 

; 34 7 

156 

641 

35 9 

3 



5 

Basil 










6 

Dinnur 

1 

32 

406 

, 59-4 

1 

60 

1 

1 

68 3 

317 

3 
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SpXcics Distribution op Ftoas 

As between the three species of Xenopsylla, X biasilieiisis is the predominant 
flea of Hosur Out of 4,097 fleas collected in Hosiir town, as much as 2,56b 
(62 8 per cent) belonged to this species Next in order comes X cheopis whicli 
constitutes about 28 per cent of the total, X asha being only a little more than 
9 per cent (vide Table VIII) 

The distiibution of the three species in the villages surveyed, corresponds 
tairly well with the distiibution in the town with the exception of two villages 
wheie X hrasihe lists occupies only a secondaiy place 

Except for the ‘ Janappar ’ and ‘ Vanyai ’ areas which show a higher 
peicentage of X astia and X cheopis respectively, a maiked uniformity of dia- 
tribution as regards the proportions of the 3 species in the whole area is noticed 
Another interesting feature was the distribution of the different species of 
fleas on rats obtained from the fringes of the town, as compared with those 
obtained from the inter loi 

X cheopis X hrasdiensis X astia 
index index index 

Rats from periphery 4 8 7 7 2 4 

Rats from interior 2 7 7 9 0 6 

It is found that the Astia index for rats obtained from the outermost zone> 
on the peuphery of the town is foiu times higher than that for rats from the 
heart of the town away from the fields It will be interesting to see whether 
observations in other places will confirm this 


Tabuc VIII 

_ 4 


1 

No ! 

Name of area 

Total number of 
fleas 

X cheopis 

A brasih- 
citsis 

X astia 

Ciiiioce- 

phalits 

Total 

Percentage 
of all 

fleas 

Total 

Percentage 
of all 

fleas 

Total 

Percentage 
of all 

fleas 

Total 

Percentage 
of all 

fleas. 

1 

High School Road 

498 

113 1 

22*7 

335 

67 3 

48 

9'6 

1 ^ 

04 

2 

Post Office Road 

716 

155 

21-6 

524 

73 2 

37 ; 

5-2 



3 

Bazaar area ! 

804 

218 

271 ^ 

541 

67 3 

45 ! 

56 

1 


4 

Janappar area 

391 

84 

215 

205 

52 4 

102 ’ 

261 



5 

1 Weaver area 

70S 

i 195 

27 7 

464^ 

65 8 

46 

65 



6 

Vanyar area 

868 

351 

40 4 

435 


82 

94 



7 

i Hindu area 

112 

36 

321 

63 

563 

13 

11*6 



8 

Taluk Board area 

3 

1 


1 


1 





Total 


1,153 

281 

2,568 

62 8 

374 

91 




1 1 

1 Therpet 


241 1 

317 

429 

56 5 

89 

118 



2 1 

Chanasundaram ' 

138 ' 

23 ! 

167 1 

35 

25*4 

79 

57-8 



3 

1 Alasanattam 

no 

44 

40-0 

33 


33 

30-0 



4 ! 

Pedda Jibi ! 

208 

49 

23 6 

156 

lAU 


140 



5 1 

Bast! 1 








i 


6 1 

Dmnur 

95 

32 

33 6 

60 

65 2 1 


3-2 




Total 

5,407 

i 

j 1,542 

1 

285 

3,281 


581 

10 7 
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FLfc,A Indi,\ 

From the epidemiological point o£ mcw, the two basic data winch are moet 
important m relation to the potential incidence of plague in any locality are (1) 
the a\crage niimlier ot fleas per rat, le, the general flea index, and (2) the 
aierage imniher ol each species of flea per rat — the specific flea index 

Table IX gnes the general flea index for the different areas in Hosur and 
the adjoining villages 


TABi.t: IX 


.\o 

Name of area 

U 

‘o 

H P* 

S U 

1 

c; 

*o 

'o ^ 
uC. 

A ^ 

' S 

; 

u 

U 

•5 ^ 

U 

w. :t 

so 

I * ^ 

I 

Number of Y 
aslta per rat 

1 

High School Road 

39 

d98 : 

1 

! i>s 

2*9 

86 


2 

Post Office Road 

65 

716 1 

; 110 

2-4 ; 

&l 


3 

Bazaar Road 

72 

804 

i 

11*2 

3-0 ^ 

75 


4 

Janappar area 

25 

391 

156 

1 3-4 

1 8*2 


5 

Weaser area 


705 

176 

1 49 

116 


6 

Vanjar area 


868 1 

1?4 

1 ?0 

8*7 


7 

Hindu area 


112 

112 

I 3-6 

63 


8 

Taluk Board area 

1 

3 



1 



Totac 

302 



38 

1 

85 ! 



I 

Therpet 

37 


1 

20-5 

65 

■B 

Bm 

2 

1 Chanasundaram 

7 j 


19-7 

33 


113 

3 

Alasanattam 

8 


138 

55 

mM 

41 

4 

Pedda Jibi 

11 

208 ; 

189 

45 

142 

0-3 

5 

Basti 





1 

1 


6 

Dinnur 

1 10 

95 

1 

3-2 

00 

0-3 

1 


Total 

375 




87 

1 

15 





The general flea index for Hosur 
different wards range between 11 and 17 


town IS 13 6, while the index for the 
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The number of fleas per rat \s higher for the villages as a whole and this 
may very likely be due to the fewer number of rats trapped m those places 

Three rats — white bellied R rattus — obtained from traps set in fields yielded 
only 10 fleas, all of them being ‘ X ha<^thc}ms' The significance of this was not 
immediately lealized, but m future more attempts will be made to catch rats m 
fields as well as in houses to see what light this throws on the flea population, for 
the presence of X hasihensis alone on field rats, while the ‘town’ rats had 
X chcopis as well, is very suggestive 

Spi:cipic Fp^a Index 

The number of each species of Xenopsylla per rat is also given m Table IX 
The cheopis index for the whole of Hosur town is 3 8 while the index for X brasi- 
liensis and X asfia comes to 8 5 and 1 2 respectively 

It IS significant that the Vanyar area which is free from plague at present 
and which recorded about 37 per cent of the total attacks during the last plague 
season (1926) should show the highest cheopis index while the Weaver area where 
57 per cent of the cases have occurred during September this year should record 
the abnormally high index of 11 6 for X biasiliensis This coupled with the 
fact that a large mimbei of X biasiheiisis per rat is found m the area, leads to 
the suspicion that Xenopsylla brasiliensis may be an equally efficient vector as 
X cheopis in the transmission of the disease under identical climatic conditions 
Though the magnitude of the specific flea index in any given locality is no criterion 
of the efficiency of that particulai species to act as a vector, it is possible to surmise 
that if the index for that flea is very high in a plague area, the species is likely 
to be incriminated in the transmission of the disease The presence of 33 fleas 
of which all except one were X biasiliensfi on a rat which was seen to fall and 
die and which was found to have died of typical plague when examined immediately 
afterwards, adds indirect force to the argument that X brasiliensis may possibly 
prove to be an efficient vector in nature This species has not received much 
attention and very little is known regarding its powers of experimental plague 
transmission and its bionomics 

Of the villages, Chanasundaram which remained free from plague for the 
last seven years yielded 138 fleas distributed on 7 rats, the percentage of X asfia 
alone being as high as 58 The number of X astia obtained per rat in the village 
was 113, the highest figure recorded for this species during this survey 

Distribution or Fdeas on Rats 

Except one young lat which did not harbour any fleas, every rat had fleas 
on them Nearly 69 per cent of the rats with fleas contained all the three species 
of Xenopsylla The numbei of rats with both X cheopis and X brasiliensis on 
them IS 87, i e , 29 per cent of the rats with fleas Table X gives the details 
regarding distribution of fleas 
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T\itu X 


No 

Name of area 

u 

*0 

u 

CJ 

^ (A 

P a 
§ o 

Rats with 
all 3 spe- 
cies of 
s.cnops>lla ! 

Rats With 
\ chi opts 
and \ hra- 

SlllCIISIS 

Rats with 

V cheopis 
and \ 
aslia 

Rats ilh 
\ chcopxs 
alone 

Rats with 
\ aslia 
alone 

Number 

Per cent j 

Number 

Per cent 

Number 

I 

j Per cent 

Number 

Per cent 

Number 

Per cent 

1 

j Hisb School Road 

38 

31 

816 

‘ 1 
! 'i 

13 2 

0 


2 

52 

0 


2 

Post Office Road 

65 1 

40 

615 

,23 

35 4 

2 

3 1 

0 


0 


3 

Bazaar area 

72 

47 

65 3 


34 7 

0 


0 


0 


4 

Janappar area 

25 

19 

76 0 

! 

24 0 

0 


0 


0 


5 

Weaver area 

40 

25 1 

62 5 

1 14 

i 

1 35 0 

1 

25 

0 


0 


0 

Vaiiyar area 

50 

30 

72 0 

12 

1 1 

* 24 0 

1 

1 

20 

0 


1 

20 

7 

Hindu area 

10 

8 

80 0 

2 1 

20 0 

0 


0 


0 


S 

TaUik Office area 

1 

1 


i 0 

1 


0 


0 


0 



Total 

301 

207 

68 8 


28 9 

4 

13 

2 

07 

1 

03 


Another important feature was the presence of X cJicopis in 300 out of 301 
rats with fleas, showing that almost every rat m Hosur town was chcopis infested, 
which rather weakens the suspicion that X brasilieiists also carries plague 


SUMMARY 

Rvts 

1 The density of rat population as judged by the number of rats trapped 
for every 100 traps laid, i e , 35, is fairly high for the whole area, anything over 
thirty being abnormal The! bazaar and the commercial portion of the town as 
usual yields the highest figures 

2 Two varieties of Rattiis rattus — the white bellied and the brown bellied 
varieties — are present, nearly 75 per cent belonging to the latter kind 

3 There is a great disproportion m the distribution of the two se\es, nearly 
70 per cent of the rats being females This unequal distribution of the two sexes 
IS seen in both the varieties of R rattus 

4 Different baits were tried Ground-nuts and cakes made of ‘ ragi,’ the 
gram grown locally, proved to be most efficient Other baits which were also 
found useful m attracting rats were the half fried cocoanut and dried salt fish 

5 200 trapped rats were examined for signs of plague with negative 
results 
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Fi^cas 


1 5,417 rat fleas weie collected on rats AH these, excepting three belonged 
to the genus Xenopsyllu The three Indian species of Xeiiopsylla are represented 

2 Pide'i nntans was very common m the houses but was not found to occur 
on rats 

3 More than 60 per cent of the fleas collected belonged to the male sex 
X cheopis and X hrasilienst<i consistently showed a very high proportion of 
males in all the areas while the distribution of the sexes in X astia was found 
to be irregular, the females being slightly in excess on the whole 

4 As between the 3 species of Xeiiopsylla^ X hrasibensis is the predominant 
flea of Hosur (62 8 per cent) Next m order comes X cheopis constituting 
about 28 per cent of the total Neaily 69 per cent of the rats had all the three 
species of Xeiiopsylla on them The distribution of the species in the villages 
agrees fairly well with that of the town 

5 Almost every rat in Hosui was cheopis infested Despite this, the pos- 
sibility of X hrasibensis being a vector should still be considered 

6 There is some evidence that the distribution of flea species differs m the 
town proper and in its outskirts 

7 The number of fleas per rat — the general flea index — for Hosur town 
is 13 6 The variations in the index for different areas range between 110 
and 17 6 

8 The number of each species of flea per lat is as follows — 


For Hosur Town 


For Hosur Town 
and Environs 


1 

Z 

cheopis 

3 8 

4 1 

2 

Z 

hrasibensis 

8 5 

8 7 

3 

z 

astia 

1 2 

1 5 


REPORT NO II 

A RAT-FLEA SURVEY OF THE WESTERN HALF OF THE BELLARY 
DISTRICT AND GUNTAKAL OF THE ANANTAPUR DISTRICT 


BY 

N NATARAJAN, mb, b s , b s sc 

This area is situated on the Deccan tableland All the places surveyed are 
about 1,500 feet or more above sea-level 

The time of survey was from the 17th October, 1928 to 20th January, 1929, 
— the usual plague season The following table gives the figures for the items 
noted under each column 

Hospet IS usually cooler during this period than the above figures indicate so 
this year was unusually warm 

The places surveyed have a scanty annual rainfall, the average be-ng about 
20 inches The usual rainy months are from June to September and October 
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TvfJM, I 


Name of btation 

1 line of snntj 

1 

Dry bull) 
Mean <hdj 
leiniH-raUire 
S — y 1 III 

Wet bull) 
Mem dnl> 
leinperitiirc 
S — 9 a m. 

Belatne 

buiniditi 

\fean satu- 
1 nlion defi- 
ciency in 
iiicbes 

8 — 9 am 

1 Dcihrk 'I out! 
311(1 Canto 1 - 
incnt 

Oct 17 — Noi 16 

76 6° r 

69-2‘lT 

668 

0-300 

2 Hosptl out. 1 

Union ai d two 
\illagi.s 

No\ lo — Dec 10 

1 

1 

76S°r 

1 

1 

60-5 “r 

70-3 

(7303 

3 Harpanahilli and 
SIX \dhv,Lb 

Dec 10— Dec 27 

70-2^ ; 

62 6° r 

680 

0-201 

4 KoUuru 

Dec 27 — Jan 4 

73 4°r 

05 5°F 

6(72 

0300 

5 Gnntakal 

Jan 5 — Jan 20 

74 0“F 

1 

667“r 

69-6 

0-277 


Biliary h a municipality with a population of thirty-seven tliousand It 
consists of the following three distinct areas — (1) the mam portion called 
Brucepettah which is the centre of commercial traffic, godowns and bazaars, (2) 
the extensions consisting of piicca houses and bungalows separated fiom one 
another by open spaces and compound walls and more sanitarily kept, (3) Cowl 
Bazaar, another suburb, at a distance of about one mile, containing nearly one-tlurd 
the population of the municipality and inhabited by the middle and low'er classes 
of people In this suburb there are no large bazaars or godowns 

Bellary Cautanmeut and For* is a distinct entity under tlie control of the 
military authorities This station has about two hundred pucca buildings built 
over a large area containing the civil and military population The Fort nearer 
the town contains a few shops and bungalows Though surrounded on two sides 
by Bellary Town, the rat-flea population is strikingly different in respect of the 
species distribution, as is seen in the tables under the fleas section 

Hospet IS a municipality with a population of eighteen thousand The climate 
IS cooler and more humid than that of Bellary There are no great differences 
betrveen different portions as regards sanitation, overcrowding, etc There is a 
suburb ot the town one nnle oft which ,s somewhat cleaner and which was once 
the mam part ot Hospet having been deserted due to plague years ago Hospet 
IS the most insanitary of the places surveyed 

‘Unim^'of ‘''T of which one 

Umou ot 3,500 mhabitauts, namely, Narayanadevaiakeri, nine miles off trom 

places f °? Ite coolest ot the surveyed 

places it is about thirteen miles from the Mvsorp Tf .c ^ 

of about 8,000 inhabitants This J ^ ^ 

endemic^c^entre of plague Plague has occurreTZsfeveTyear'"' 


21 
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Kottiii H IS a union of about 6,000 population and is the terminus of a railway 
line fiom Hospet Tins is the gathering centre of ground-nuts, and some grams 
like guigelly-seeds to be exported via Hospet to Maimagoa or to Madras or 
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GiDi/iiAcif belongs to tbc \nantapur distnct It Ins a population of 12,000 
It IS also 1,500 feet al)0\e bea-le\cl Its climate is a little more humid than that 
at Bellarj and is^ liotter than any of the stations snrvejed in the Bcllary District 
Gnntakal is a railway junction where live railway lines meet, the union consists 
of three distinct suburbs separated by one mile or so from one another The 
railway quarters around the junction consist of about 200 to 300 pucca Iniildings 
inhabited by the railway ofTicers and subordinates Ihcse buildings are separated 
by large open spaces from one another The porter->’ and coolies’ lines belonging 
to the railway are diflerent They are near the goods shed and bceause of the 
nature and habits of the people therein, the rat-flea population is diflerent m 

species distribution to that which obtains m the railway quarters This is noted 

in Table VIII The second suhurh of Gnntakal is Timnianacherla about a mile 
from the lailwav station It contains the mam ba/aar and the weekly shandy 
or market is hekl here Even within this small siilnirb there is a diflference m 
the flea distribution between the bazaar area and the domestic quarters This is 
brought out m Table VIII The third suburb is old Gnntakal about one mile 

from Titnmanacherla and more distant from the railway station This is in- 

habited by ryots and agriculturists 

Conditions ’vitli n gard to plague — There is no diflerence in the habits of the 
people of these places The usual Inbit is for the people to sleep on the floor 

With regard to the housing conditions a word may be said m respect of their 
roofing Above wooden rafters or bamboo sticks arc placed bamboo thatties ovei 
which are laid twigs and leaves which layer is covered by mud and earth The 
whole roofing constitutes a thickness of nine to tw'elve inches Such a roofing 
affords excellent nesting conditions for rats With such a type if the walls also 
are of mud or of burnt stones laid m mud leaving large holes, which often is 
the case, an ideal home for the rats is afforded and burrow s under the ground can 
easily communicate through the wall with the ceiling above This kind of roofing 
IS a feature of all houses except the bungalows and other high class cement and 
stone structures 

The majority of the buildings because of this kind of roofing are dark in 
their interior Consequently the houses are ill-hghted and ill-ventilated The 
houses are so closely built that there is continuity for rats to move freely from 
one place to another 

There is no system of drainage for any of the places Disposal of rubbish 
IS especially inefficient at Hospet 


Export 

Movement of grams— The chief common export of all the places surveyed is 
ground-nuts and next cotton and cotton seeds Hospet exports jaggery m addi- 
in the ^ froni Kotturu are a special export to Vellore and some places 

to Madra/Trom ^^Povted to Marmagoa mostlj and 

Kotturu ma \ Gingelly and cotton seeds and cholam grams from 

Kotturu may be a source of infestation with rat-fleas The outbreaks of plague 
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at Vellore may have some connection with the import of gmgelly seeds from 
Kotturu into this town 


Import 

Import of commodities from the Bombay Presidency, the Nizam’s territory 
and from the Mysore Province is attended with the risk that these will' be 
infested with X cheopis or its developmental forms Wheat comes from Gadag 
and Bijapur of the Bombay Presidency, Gadag being an endemic plague centre 
The Nizam’s State export cholam and black gram, while dhall comes from Agra 
and the Punjab Harpanahalh imports its grains ^fiom Davanagere of the 
Mysore State, another endemic focus 

Rice is imported from the districts of Kistna and Godaveri where there has 
been no plague 

Rats 

The rodents trapped were 2,556, of which four were bandicoots, four were 
mice and the rest were rats All rats belonged to the species Rattus rattus The 
colour ofi the bellies was giey and brown and the white-bellied rats were at their 
maximum at Harpanahalh The number of white-belhed rats was 37, 20, 146, 
39 ana 2 at Bellarv, Hospet and villages, Harpanahalh and villages, Kotturu and 
Guntakal respectively 

The next table shows the density of rat population as judged by the number 
of rats per 100 traps laid and also the percentage of female rats which is always 
greater than that of males for each place 


Tabrc II 


Name of place 

Number of 
traps laid 

Total rats 
trapped 

j 

Number of 
rats per 100 
traps laid — 
density 

Percentage of 
female rats 

. 1 

Harpanahalh j 

500 

442 

88 

74 0 

2 

Si\ villages surrounding 
Harpanahalh 

277 

182 

1 

1 

66 

74 2 

3 

Kotturu 

1 350 

[ 257 

73 

65 4 

4 

Hospet 

721 

342 

47 

70-8 

5 

A Union and two villages 
surrounding Hospet 

370 

134 

36 

80 

6 

Bellary 

1,487 

759 

SI j 

62*3 

7 

Guntakal 

738 

330 

45 

63 3 

S 

Bellary Cantonment 

200 

110 

55 

79-1 


Totai. 

4,743 

— 1 

2,556 

i 

55 

68-4 
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At Bellary 110 rats \\cre evaniincd for platjuc infection niacroscopically aiil 
by spkcn smears Ml uere negatue Ml the 176 rats fioiu llospet and the 
surrounding Milages were similarly e\amnicd and found negative 

Two mice at Bellary harboured one A’’ aslui, foui A chcopis and one louse 
Two mice trapped at Guntakal from domcstie quarters Iiarbonred no fleas 

Four bandicoots were trapped in the whole survey They hirbourcd more 
fleas than the rats One can expect on them three to four times the number of 
fleas found on a rat considering that a bandicoot is three or four times as large 
m Its surface area as a rat My number of bandicoots was too small to draw 
coi elusions 


Tablu III 

Field rats are those trapped m the fields far away from lumiaii habitation 
They do not harbour A' chcopis but only A' astm or no fleas 


Name of place 

Field rats 

X asita 

\ chcopis 

1 

Other ecto- 
parasites 

1 

Bellarj 

5 


9 

j 

1 

11 ticks 

2 

Hospet 

2 


1 


2 

3 

Harpanahalh 

2 



1 


4 

Narav anadevaraken 

2 bandicoots 
one trap 

in 

22 

16 

4 



12 rats and 
bandicoot m 
trap 

1 

a 

45 

229 


5 

Guntakal 

One rat and 
bandicoot in 
trap 

a 

a 

39 


24 


Fi,eas 


The prevailing rat-fleas m the surveyed areas are Xenopsylla astia and 
Xempsylla^ cheopxs and at Harpanahalh alone in a particular portion of the town 
there is Xenopsylla brasihensis in addition 


The inaMmum number of fleas on a rat at Bellaiy was 35, of which 30 were 

47 ^ ^ shop At Hospet 

47 was the maximum on a rat, of which 25 were A chcopxs At other places fhe 
maximum was between 16 and 23 ^ ‘ 
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Tabi^b IV 

Specific and total flea indices, etc 


Name of place 

Rats examined 

Total flea index 

astia index 

■ 

h asthensts index 
t 

cheopis index 

Percentage of rats 
without cheopts 

1 

Harpanahalli 

442 

61 

0 02 

0-04 

60 

00 

2 

Six villages surrounding 

182 

60 

06 


54 

00 


Harpanahalli 







3 

Kotturu 

257 

64 

09 


55 

0-0 

4 

Hospet 

342 

5*9 

T3 


46 

14 

5 

A Union and two villages near 

134 

78 

18 


60 

15 3 


Hospet 







6 

Bellary Town 

759 

59 

2-5 


3-4 

20 0 

7 

Bellary without extensions and 

575 

60 

20 


40 

IS 


Cowl Bazaar suburb 







8 

Guntakal 

330 

42 

28 


14 

60-0 

9 

Bellary Cantonment 

110 

73 

72 


0-1 

927 


* The Union alone 

66 

114 

2-3 


91 

00 


* This Union is Narayanadevarakeri At the time of survey it was passing through an 
outbreak of plague, and was evacuated except for the bazaar and the Brahmin Street The 
rats trapped in this Union show the highest cheopts index and also total flea index This may 
be partly due to concentration of the fleas on the surviving rats 

Numbers 6 and 7 in the foregoing table illustrate that closeness of houses 
conduces to distribution of X cheopis on almost all the rats 

The next table shows very well the association of the cheopis index with deaths 
from plague 


Tabb^ V 



Harpanahalli 

Kotturu 

Hospet 

Bellary 

Guntakal 

Deaths from plague per 
mille of population for 
1914—28 per year 

10-5 

8-1 

53 

3-6 

1-4 

Present cheopts index 
of each place 

60 

55 

46 

34 

14 
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The nc\t table shous the association between climate and tlie species of rat- 
flea prevalent 

Tablu VI 

Pci collage dtsiubnlion of ihc three spcctcs of ral-jltas 


clicof’is brasiliciisis 



The climate is the coolest at Harpanalnlli and is less and less cool m the 
places that follow It is to be noted that this order is the ascending order for 

Tvbi,c VII 

5'cv distnbution of the three species 


X asim 



X brasiliciisis 


X chcopis 


1 Harpanahalli *)0-0 

2 Si\ villages near Harpanahalli 35 3 

3 Kotturu 33 3 

4 Hospet 34 p 

^ ^ Union and two villages near 377 

Hospet 

6 Bellary Town 3g.g 

^ Guntakal *10*0 

8 Bellary Cantonment 300 
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X astia but the descending order for X cheopis Bellary Cantonment is one 
step out of place of its climatic order Although geographically one with Bellary 
town it IS essentially different m all other respects affecting fleas 

In the foregoing table it is noted that X astia has a larger female population 
and that X cheopis has a larger male population The percentage for X ast'a 
appears to be fairly uniform, while the percentage of female X cheopis varies 
rather more, the maximum percentage of female X cheopis being at Harpanahalli 
and its surrounding villages — places of highest incidence of plague, the lowest 
percentage of female X cheopis being at Guntakal, a place of smallest incidence of 
plague among the suiveyed stations 

The next table shows differences in rat and rat-flea density according to 
differences in the several portions of the surveyed stations as regards gram move- 
ments, sanitation, and nature of area 


Tabi^e VIII 


Name of station and area 

Rats trapped 

Rats per 100 traps 
laid = density 

asha index 

cheopis index 

Description of the areas 

Bella) y — 

37 


1 



Only gunny bag shops 

23 

2-6 



in the Bangalore Road 






Godowns, grain shops, etc 

187 

ISO 

1 

18 

1 

47 


Brucepettah 

493 

1 

1 

67 

1*9 ' 

1 

1 

40 

Containmg nearly three-fourths of 
the population of Bellary, 
godowns, bazaars, various shops 
and quarters for low class 
people 

Cowl Bazaar 

62 

28 

61 

2-9 

A suburb 1 mile from the above 
inhabited by ryots and labourers 
No godowns or grain centres 

Extensions 

91 

30 

3-9 

0-8 

Large compounds with bungalows 
Gandhi Nagar and Satya- 
narayanapeth 

Cantonment and Port 

110 

55 

72 

0-1 

Near the town very sanitary and 
controlled by the military 

Guntakal — 




1 

Pucca buildings placed at a 
distance from one another but 
in frequent communication with 
the town and junction 

Railway quarters 

25 

24 

1-4 

1 13 

j 

Porters and coolies lines 

32 

52 

1 

18 

1 

1 

Four rows of small single room 
tenements contiguous with one 
another built in barrack-like 
fashion near railway goods 
shed 
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Vin — conch! 




irt 1 

Nuuc of station iiiil irci 

•a 

ill 




Tmiiiniiadicrla domestic 
quarters 

3-1 j 

27 

Timmainchcrla Raziar 

area 

32 

36 

Old Guntakal 

% 

43 

BJlar\ — 

Bazaar area 

279 

133 

Extension and domestic 
quarters 

1S4 

26 

Bazaar area 

73 

72 

Domestic quarters 

269 

44 

Harpamhalli — 

Bazaar area 

99 

103 

Domestic quarters 

343 

85 

Kolluni — 

Bazaar area 

61 

86 

Domestic quarters 

196 

70 

Guntakal — 

Bazaar area 

32 

36 

Domestic quarters 

298 

46 

Total — 

Bazaar area 



Domestic quarters 




y 

o 

ts 

J 

O 

Ucstription of the areas 

32 

0-3 

Clean quarters 

2*3 

4*4 

Clean but the centre for traffic in 
grams, etc. 

4-6 

0-8 

One mile a\va> from Bazaar areas 
and not of an> gram importance 

2-1 

42 


43 

1 5 


14 

51 


14 

44 

Drastitensts index 

0-0 

48 

15 

O-Od 

63 

01 

19 

54 


0r6 

40 


2-3 

44 


2-8 

10 


1 5 

48 


18 

3-4 



In the foregoing table it is noted that the bazaar areas of a station have a 
denser rat population than the domestic quarters Also the infestation with 
X cheopis IS more in the bazaar areas than in the domestic quarters except at 
Harpanahalh where the domestic quarters are more infested Perhaps this is 

due to greater facilities existing in these quarters for flea-breeding and multiplica- 
tion ^ 

Other cclopoasitcs— Most of them w'ere ticks and mites About 60 lice and 
a dozen beetles were also seen 
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For convenience of information the next table summarizes the data on which 
the previous tables are based \ 


Tabi,e IX 


Showing total figures for rats, fleas and other ectoparasites 



Name of place 

- — . 

Population 

Rats trapped 

X astia 

to 

X cheopis 

Total fleas 

Other ecto- 

parasites 

1 

Bellary Town 

37,567 

759 

1 1,925 


2,557 

4,482 

509 

2 

Bellary Cantonment and 


110 

1 795 


10 

805 

23 


Fort 



1 





3 

Hospet 

18,337 

342 

490 


1,559 

2,049 i 

323 

4 

A Union and two villages 

5,905 

134 

236 


805 

1,041 

99 


near Hospet 


1 






5 

Harpanahalh 

7,464 

442 

10 

195 

2,652 . 

2,857 

127 


Six villages near Harpana- 

5,607 

182 

116 


979 

1,095 

92 


halli 









otturu 

6,272 

257 

225 


1,414 

1,639 

307 


Guntakal 

12,519 

330 

920 


445 

1,365 

545 


Total 


2,556 

4,717 

195 

10,421 

15,033 

2,025 


Discussion 

Bellary Cantonment has practically a cheopis-irte rat-flea population Rats 
trapped in the fields had only X ostia and it looks as if X cheopts was not indige- 
nous in this district At Harpanahalh the rat-flea population was almost astia free 
The aisappear^nce of X astia fiom this last station may be explained this way. 
Owing to a series of epizootics spread over successive years this species being 
gradually i educed' in numbers is dying out while X cheopis has survived these 
outbreaks and multiplied so much that the present flea population is most 
X dieopis \ 

The point to be considered is how far the cheopis infestation of the rats of 
these areas is of any c'c^nsequence to the places to which there is export of some 
commodity or other from any of these areas Harpanahalh with only cheopis is 
not an exporting centre o^any importance On the other hand n ” its su und- 
ing parts import all the necessaries from Davanagere of the P 

another place with frequent -yisitations of plague 

The prk^^^ce of X brasiliensts at Harpanahalh and th' lo 

flen ,_ti tvVO 3.ncl not in. 3,ny other streets w^s n. £et ^ it 

Tf tins Hea was not an ordinary indigenous nd either^ 
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imported or, if often uupoited, that there are bpceial conditions which are 
unfa\ourablc for its ^\ldLr spreading 

The movement of lats becomes more restricted if the houses are bmlt at great 
distances from one another as in the extensions of Bellary and in the Bellary 
Cantonment Closeness of houses with continuity of tlieii roofings that prevails 
in all the areas surveyed eonduces to more intermingling of rats from different 
areas At the Bellary Cantonment the only bungalow the rats of which harboured 
X duopts IS far removed by large open spaces as well as by a surrounding com- 
pound wall from the neighbouring bungalows If this were otherwise, the rats of 
this bungalow nuy coimnunicate with rats of the adjacent building and to that 
extent scatter the distribution of this Ilea 

Insanitation appears to affect differently the two species of rat flea X aslia 
and X cJicopis X astta seems to multiply m spite of good sanitary conditions 
At tlie Bellary Cantonment the ostia index was higher than anywhere else in the 
Bellarj’ District and this place is the cleanest and most sanitary of the places 
sureejed AT clicopts breeds and multiplies more under insanitary conditions and 
cleanliness of a place lowers the clicopts index as is seen m Table VIII 

A glance at the map of the Bellary district shows how it is wedged in between 
the Nizam’s Donunions, the Bombay Presidency and the Mysore State Originally 
the infestation with X cluopts and infection with plague must have occurred 
through these areas At present the rat-flea population is such that there is no 
risk of this district being any more infested with X clicopts but the question of 
introducing infection from these areas is of importance Even without importa- 
tion of infection from outside the district, the plague infeetion may be kept up 
in the western half of tlie Bellary district by its being imported from one place 
to another as there is almost always plague m one spot or other except in the 
months of j\Iay and June when, during this short period, the epizootic may be 
mild or latent 

Conclusions 

(1) The chief rat-fleas in these areas are A' ostia and .Y cheopis, the latter 
preponderating m cooler and m more insanitary areas (2) X biasilieiisis was 
found only on rats from two adjoining streets of Ilarpaiiahalli which suggests 
recent importation 

My thank's are due to Eieut -Col H H King, i m s , Director, King Institute, 
Gumdy, for his kind supervision and suggestions during the survey and for help 
in writing this report 

REPORT NO III 

REPORT ON A RAT-FLEA SURVEY OF PCRIAKULAM, KAMBAM 

VALLEY, AND DINDIGUL 


P V GEORGE, BA, LM &s 

The survey was done m the usual plague season of the district, commencin'^ 
from the third week m October 1928 to the thud week m January 1929 Four 
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centres, Periakitlam, Them, Uthamapalayam and Dindigul were chosen From 
each centre a few villages were also selected, m all two municipal towns, two union 
towns and twenty villages were sur\eyed 

Two of the centres, Them and Uthamapalayam form part of Kambam Valley 
in Periakulam taluq, situated at the foot of the Palm and Travancore hills This 


A MAP OF THE KAMBAM VALLEY 
Scale 1 inch = 23 miles 
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valley, from the perennial streams falling from its numerous forests and the cool 
wind \\hich passes down it from the great hills in the west, is the greenest and 
pleasantest part of the whole district 
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Pcnalitlam ib a miinicipal town, divided into two parts b) the Varahanadi, — 
Thenkarai and Vadakarai It is in close pro\iniit> w itli the Kodaikanal hills, the 
Palaiii hills, and the Tra\ancorc lulls iiid is situated at an altitude of 954 feet 
Dtmlujiil IS situated between the Palm hills, and the Sirumalai hills, at an 
altitude of 924 feet abo\c sea-lc\cl It resembles Coimbatore district, in soil and 
climate Next to Madura, it is the biggest nnmieipil town m the district, with 
an area of 5 04 square miles It is a \erj neat and sanitary town 

Ciaiiis and (jratu iiioia iiit ii/a — The chief crops are rice, cholam, ragi, cambu, 
sainai, earagu, lunse grra, chillies, onions, cotton, gingelK, groiind-mits, sugarcane 
and tobacco The chief place of production of these crops is Kambam Valley, 
and the chief places of disposal are Them, Dindigiil, Madura and Virudhunagar 
Padd)' IS imported into iMadura district from the Circars, Tanjore, Tnchmopoly 
and Karachi because the local production is not sufficient for the whole district 

One chief feature of the Kambam Vallej is the large number of w'eeUy 
markets or ‘ shandies’ mainly dealing in grains The biggest of these ‘ shandies ’ 
13 at Them, where ever) Sundaj on an average 1,000 cart loads of all sorts of 
grams are brought from all over Kambam Valley and disposed of, mainly through 
Periakulam to Kodaikanal, Dindigul, Madura and other places 

There' are four toll gates around Uthamapalayam controlled by the District 
Health staff to check the movement of grains which have not been previously sub- 
jected to sun-disinfcction — this is done under district orders only when human 
plague prevails 

Climate — The annual rainfall, average for 40 >ears, is 29 96 inches for 
Dindigul, 30 24 inches for Periakulam and 27 23 inches for Uthamapala) am 
These places get ram ciun ig both moiisoons, inostlj from the North-East Monsoon 
Temperature and humidity observations made during the period of survey 
are given m table below, for each of the centres — 


Table I 


Name of place 

Mean dry bulb 
temperature 
Fahr 

1 

Mean wet bulb 
temperature 
: Fahr 

Relative 

humidit) 

i 

ilfean satura- 
tion defi- 
ciency m 
inches 

Uthamapalajam 
(Dec — Jan 1929) 

75 83“ 

70 14“ 

74 

0 26 

Them 

(Nov— Dec 1928) 

79-73“ 

73 35“ 

72 

0-28 

Periakulam 
(Oct— Nov 1928) 

SO 6° 

j 

744“ 

72 

0-28 

Dindigul 
(Jan 1929) 

79*32° i 

1 

70-32“ 

64 

1 

0-38 


Dindigul is the driest of all the places 
coolest and tlie most humid 


surveyed and Uthamapalayam is the 
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Plague — The history of plague m Madura District hardly comprises two 
decades It started first at Palm, infection having been introduced from Coim- 
batore district, and from there along the mam routes to the interior, and finally 
established itself in the Kambain Valley, devastating many villages every year 
, Penakulam had plague first m, 1921 and had it for 5 years and disappeared 
since then Them had plague first in 1918, imported from Palm and Uthama- 
palayam in 1920, and evei'' since then the infection spread throughout Kambam 
Valley There are, howevei, a few villages in Kambam Valley, which have 
escaped infection so far, in spite of the widespread epidemics all aiound, and two 
of them on survey showed a very low cheopis index 




Rats examined 

Fleas collected 

as/ia index 

cheopis index 

(!) 

Kunnur 

21 

129 

5 05 

0 57 

(2) 

Karuvel Naicken- 
patti 

6 

i 

20 

2-83 

050 


Dmdigul had plague first about 1912, imported from Palm, and the worst year 
was 1920 and since then it has not reappeared in this town 

In all these places, the past plague figures show that the severest epidemics 
were in the years with heaviest rainfall It was gatheied from Dindigul and 
Kambam Valley that there used to be monkey-fallsimd a few crow-falls m addition 
to rat-falls during certain of their virulent epidemics The monkeys were said 
to have had buboes as m human cases In Uthamapalayam this year there is 
said to have been a few squirrel- falls during the human epidemic During the 
time of suivey, Uthamapalayam and 12 surrounding villages were passing through 
a severe epidemic of plague 

Conditions affecting plague Housing — In Dmdigul and Penakulam most 
of the houses have brick or stone walls and tiled roofing In Them and Uthama- 
palayam (Kambam Valley) most of the houses have only mud walls plastered with 
cow-dung and roofs of thatch One special featuie seen in Uthamapalayam and 
villages around it is a good number of houses provided with galvanized iron 
roofing Although these are intended to be rat-proof, they do not function as 
such, because they have a wooden lining under the roof Rats find very com- 
fortable nesting places in the space between the roof and the wooden lining 
The type of gi^ain stores for these houses is a barrel-shaped receptacle plasteied 
with cow-dung and designed to hold enough gram for one year’s consumption 
Sanitation — Is, quite unsatisfactory at Them and Uthamapalayam, and the 
condition is still woVse in the villages m Kambam Valley 

Rgts — 968 rodents were collected and examined On the whole the rat 
population was very sparse, judged by the number of rats for 100 traps set This 
IS probably due to the organized rat catching done daily m each of these places for 
the last few years This is borne out by the fact that the villages where no rat 
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catching !•> done diowed a much denser nt population, the catch being- as high 
as 50 rats for 100 traps set 


tawi rr 


Rat etc t)i llti diffoent places 


Name of places 

Numlier of 

1 tri])-. hul 

1 

Numbtr of 
rats caught 

Ntiiiiber of 
rats for 
100 traps 

PtrcoiUagt 

1 of female 
rats 

1 

1 

Percentage 
of pregnant 
females to 
total females 

Penakulam 

2,-iS5 

1 

31? 

! 

12*75 

72*24 

27 00 

Theni 

145S 

202 

13-S5 

62*38 

28 60 

Uthamapalajam 

1769 

233 

1317 

64 3S 

2267 

Dmdigul 

I 209 

168 

15 89 

60*12 

18*00 


Special attempts were made to get as many field rats as possible, but the net 
result was not aery encouraging For 599 traps onlj 13 field rats w’ere caught, 
but It was found they were a quite distinct variety (as )et unidentified) and 
different from the Rattas ratius got from adjoining houses All of them had 
perfectl} white bellies, and all the females showed 3 pairs of pectoral mamm'e 
and 3 pairs of inguinal mammee The> had proportionately longer tails than 
R rattus the tail length being about 140 per cent of the bead and bod> Further 
the> showed on an acerage 8 fretuses in ntero, as contrasted watli 5 for R lattus 
In all species of rodents ttie females were over 60 per cent of the total and 
this was found tnie in all places The percentage of pregnant female rats was 
highest at Them (28 6) and lowest at Dindigiil ( 18) This is probably due to 
the more favourable conditions for rat life prevailing m the former place, as a 
result of the obvious insanitary conditions, aggravated by the presence of the big 
market mainly dealing m grains, m contrast with the highly sanitary condition^ 
obtaining m the latter place 


It was also observed that out of 968 rodents autopsied, 25 per cent showed 

the cyatic stage of a tape-worm in the liver and certain livers showed as many 
as 12 cysts 

Spleen smears of all the specimens were stained and examined, without any 
positive result for plague It is also worth while noting that out of 238 rats 
examined from heavily infected area, none-showed any scars, perisplenitis or 
other evidences of healed plague infection 


All varieties of 
period of survey 
tables below 


muridiE, except Rattus norvegiciis, were met with durino- the 
Their numbers and respective flea indices are given m the 
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Sex (list) ibution of the lodoits examined 



R rattus 

Field rats 

1 Bandicoots 

House mace 

Musk rats 

Total 

Male 

314 

3 

3 

8 

1 

] 



i 



1 

[ 968 

Female 

603 

10 

17 

8 

1 

1 


Rat-fleas — ^The species of fleas found in the survey were — 

Xenopsylla astia, 

Xenopsylla cheopis, 

Bchidnophaga gallinacea 
and 

Ctenocephalus cams 

The sex distribution, general and specific flea indices for each species of 
rodents, are all detailed m Tables HI and V 

The maximum number of fleas found on any one rat was 70 and the maximum 
number of Xenopsylla cheopis found on any one rat was 29 The other ecto- 
parasites met with on rats during the survey were ticks, mites, beetles, bed-bugs, 
lice (including P capitis of man), and pseuodo-scorpions 

It was found that house mice, bandicoots, and musk rats also harboured 
Xenopsylla cheopis and that one mouse gave as many as 26 fleas of which 13 
were X cheopis 

Flea indices — The total and specific flea indices of R rattus for the different 
places are given m Table III — 


Tabpe III 


Places 

0 

C 

1 

in 

■s ! 

55 

c 

rj 

lU 

-2 

Q 

/ 

•o 

s - 

X 

y 

\ w 

1 n 52 

1 *2 S 

j ^ 

1 

1 t 

1 o 

Echidiwphaga 

galhnacea 

Ctcnocephahts 

cants 

Percentage of 
rats without 

X cheoitis 

Uthamapalayara 

233 

818 

2*30 

4‘69 

277 

0 

3 36 

Them 

202 

6 95 

487 

2 00 

15 

0 ' 

42-00 

Pei;iakulam 

317 

5 07 

382 

102 

72 

0 

5000 

Dindigul 

168 

726 

487 

2 39 

0 

1 

i 26 40 
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The bazTir areas showed a rise in specific chcopis indeK for R 
almost all place, except Uthannpalajam where J.ghet indices were 
the plague infected streets, in lesidential areas table iv ) 


Tabi,i IV 


A coiisohdatcd slatmuiit of lat density and jha indices according to different 

tvpis of areas siirviycd 


Nature of areas 

Number of rats 
got 

r*a 

O ij 

CJ 

•§ ‘■c 

C u U 

ss 

Total flea index 
for R tattus 

\ asita index for 

R rotius 

V cheopis index 
for R rattus 

Remarks 

Bazaar art as — 

Penakuhm 

62 

14 00 

4-27 

3-15 

1 12 

1 

Ccliidnopliaga 

gallinacea 

Them 

127 

23-87 

8-10 

5 51 

2-57 

3 

do 

Uthamapalajam 

30 

12-24 

7-00 

2-87 

413 



Dindigul 

73 

17 71 

7 05 

3 48 

3-57 



Belter class residential 
areas — 

Periakulam 

lOS 

11 11 

4 54 

3-51 

103 



Them 

48 

9-24 

472 

3-38 

133 

1 

do 

Uthamapalayam 

153 

14 05 

7 20 

?66 

4 54 

52 

do 

Dmdigul 

20 

11 83 

605 

495 

1 10 



‘ Paracheri ’ or low caste 
quarters — 

Periakulam 

80 

1642 

4 54 

4-00 

0-54 


t 

Dindigul 

66 

20-56 

7-82 

617 

164 

1 

Ctowcephahis 

cants 

Villages around each 
centre — 

Periakulam 

90 

27-86 

518 

3 67 

1 14 

71 

Cchidnophaga 

gallinacea 

Them 

27 

26 83 

5 52 

4 55 

0-55 

11 

do 

Uthamapalayam 

55 

12 65 

10-82 

174 

5 00 

225 

do 

Dindigul 

19 

619 

3 63 

8-05 

0-58 



Field 

13 

2-16 

(723 

0-23 

0 00 
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Table V below shows that the flea index of bandicoots is about four times 
that of R ratkis This may be due to the gi eater size and weight of the bandi- 
coot The field rats are comparatively free from flea infestation 


Tablb: V 

The flea indices for bandicoots, field rats, etc. 



Bandicoots 

House mice 

Musk rats 

Field ra,ts 

Number obtained 

17 

16 

2 

13 

Total flea index 

19^60 

2-12 

100 

0-23 

X astia index 

18*30 

100 

0 50 

0-23 

X cheopis index 

130 

1 12 

0*50 

0-00 


Tajble VI below shows the close association between the present cheopis 
index and the plague deaths pei mille per year for the period 1920 — ^28, in Them 
and Uthamapalayam 


Table VI 


Name of place 

Population 

1 

Present cheopis 
index (1928) 

Deaths fropi plague 
per mille per year for 
the period 1920 — ^28 

Kambam Valley 




Tiheni 




(Allinagaram union) 

7,603 

2;m 

2*1 

Uthamapalayam 

9,357 

469 

45 


No such association was observed in 'Periakulam and Dmdigul The cheopis 
index IS high in Dmdigul, yet there has been no plague for the last 8 years 


Table VII 


Peicentage and sev distiibiition of the Xenopsylla fleas, in the different places 


Places 

Total fleas 

Percentage 
of X astia 

! 

Percentage 
of X cheo- 
pis 

Percentage 
of female- 
X asfio 
to total 

X astia 

Percentage of 
female 

X cheopis 
to total 

X cheopis 

Periakulam 

1,609 

75 32 

20*13 

60*59 

50*00 

Them 

! 1,405 

70*10 

28*82 

51*17 

42*22 

Uthamapalayam 

1,906 

28 12 

57*34 

58 39 

35 95 

1 

Dmdigul 

1,221 

t 67 00 

33 00 j 

50 97 

1 

’ 30*84 
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Ccliidiiopltagu gaUinacLa or the fowl fleas were mostly collected from the rats 
got from the villngts Tins flea was dwiys foimcl 'iround the mouth, eyes and 
cars of tiie nt, just as they aic seen on fowls and they actually bury themselves 
in the tissues of the host 

One Omottp/ia/us' tuiiix was also got from a rat, at Dmdigul 

OUSI UVSTIONS 

(1) It was obstr\ed that colloii nulls situated within the town, at Them and 
Dindigul, showed a much higlici figure for rat population and a higher percentage 
of tluopis fleas, than the a\erage figures for the town 



Tows 

j CoMov Mills 

Places 

Rus for 100 
traps set 

j 

Percentage of 
\ chi otts fleas 

Rats for lOO 
traps set 

Percentage of 
\ chi opts fleab 

‘ 'T'liem 

IjSd 

28 82 

53*00 

93 22 

Dindigul 

13 89 

33 00 

23 30 

55 26 


This fact is of importance and it agrees with observations made m* other 
places that cotton factories are sources of potential dangci m addition to gram 
godowms 

(2) A senes of experiments were made to find the average time taken for 
killing rats and fleas, by simple exposure to the sun The traps with rats were 
kept covered in thin cotton cloth bags (white) during the time of exposure It 
was uniformly observed in all experiments that the fleas escaped from the body 
of the rats when exposed to the sun, and that fleas require longer tune to die 
than their hosts ^Yhen the arerage temperature of exposure w'as 85°F the rats 
died m 3 hours and the fleas in 4 — 5 hours When the average temperatures of 
exposure were 80°F and below, neither the rats nor the fleas died by exposing 
them to the sun all the day 

The conditions of this experiment roughly correspond to the disinfection of 
a bag of rat and flea infested gram, by exposing the bag to the siin, without 
spreading the gram on any specially prepared platforms The results show that 
such methods of sun-disinfection cannot be efficient m places with low tempera- 
tures 

(3) The rate of multiplication of rats, as judged by the percentage of 
pregnant females m a locality, shows a preferential increase m highly insanitary 
places where prevailing conditions are favourable to rat-hfe 


Conclusions 

(1) The insanitary conditions prevailing in villages in the Kambam Valley 
favour a large rat population ^ ’ 
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(2) The chief rat-fleas in the areas surveyed are X astia and X cheopn 
In Uthamapalayam and sui rounding villages (forming the middle of the Kambam 
Valley) X cheopis is the preponderating flea on rats 

(3) There is very little impoitation of grains into the Kambam Valley 

(4) The mean daily temperature of the Kambam Valley is below 80°F , the 
mean saturation deficiency below 0 3 inch, and the available rainfall distributed 
all through the year 

Plague has appeared almost yearly since 1918, m the Kambam Valley 

The above four conclusions indicate the reasons for the endemicity of plague 
in this valley, and they further show that probably the epizootics have carried 
over from year to year 

To sum up, one finds in these villages m the Kambam Valley a set of factors 
such as high cheopis index, frequent and unrestricted movement of grains, bad 
sanitation, abundance of rats, and ideal climatic conditions But there are several 
encouraging features, such as an attempt at impiovement of sanitation by the 
introduction of pit-system of latiines, providing zinc-roofing for houses and will- 
ingness of the masses for protective inoculation In course of time when more 
vigorous preventive measuies are concentrated on these villages, it may be possible 
to stamp out plague fiom the Kambam Valley, which now appears to be the 
nursery of, this pestilence in the district 

My thanks are due to Lieut -Col H H King, i m s , Director, King Institute, 
Guindy, for his kind supervision and suggestions during the survey and for help 
in writing this report 
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[Receded for publication, April 22, 1929] 

In a previous publication (Shortt, Craighead, Smith and Swaminath, 1928) 
we recorded the infection of a hainster, Cncclulits gnscus, with kala-azar after 
the administration of infective material by the oral route m the same account a 
short resume w’as given of other successful experiments in which infections with 
kala-azar had been produced \ia the intestinal tract 

As these experiments related in each instance only to one or, at most, two 
animals, they might ha\e been considered as somewhat exceptional cases and it 
was obviously important to determine whether infection via the intestinal canal 
could be readily produced or was a rare phenomenon To settle this point we 
decided to repeat our experiment previously referred to, using as large a number 
of ammals as was at our disposal and, in addition, to perform a somewhat siimlar 
experiment with the flagellate form of L donovani 

Experiment I 

On 19th Apnl 1928 nineteen hamsters {Cricefiilus gtiseus) were given by 
the mouth about 0 1 to 0 15 c c of emulsion in normal saline solution of mixed 
liver and spleen from a hamster infected with kala-azar The dose in each case 
was dropped into the hamster’s mouth from a pipette without the latter touching 
the animal The animals were observed to swallow at least a part of the material 
although a certain amount was wasted 

( 335 ) 
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Ten of these animals died next day owing to accidental exposure by an 
attendant to a hot sun on then way down to the field laboratory of the Kala-azar 
Commission at Gauhati from Shillong where the experiment had been performed 
On 24th April, 1928, one hamster was given by the same method about 0 3 cc 
of saline suspension of the mateiial obtained by liver puncture of a hala-azar 
patient None of these animals were given any further doses of any kind and 
were meiely tended carefully during the duration of the experiment 

Of these animals two died on 13th Janiiaiy, 1929 One of these was infected 
with L donovani and in the other no parasites were found As both animals 
showed commencing putrefaction it is quite probable that the second may "also 
have been infected Another animal died on 26th Febuiary, 1929, and proved on 
examination to be very heavily infected 

The remaining seven animals were sacrificed on 20th Maich, 1929 Of these 
SIX were found to be infected, four heavily, one moderately, and one lightly To 
summarize the results, we may state that out of ten hamsters given one oral dose 
of liver or spleen emulsion, or both mixed, eiglif became infected, m most casc^- 
heavily Of the two which showed no infection, one had either never become 
infected or had lost the infection by the time it was examined, while the other 
was in too putrefied a condition for us to give any certain opinion upon 


Bxpeiwicnt II 

In this experiment six hamsters (Cucetulus gnseus) were given cultures of 
L donovani in NNN medium by the oral route The technique adopted in 
admmistermg the cultures was the same as that used m the previous experiment 
The cultures varied in age from 8 to 22 days old and were administered at intervals 
of a few days as detailed below — 

The fluid from six tubes of NNN medium was centrifuged and the deposit 
of L donovani was distributed m approximately equal doses to the six hamsters 
The details and results of this experiment are given in tabular form below — 


j 

Experimental 

animal 

1 

Date ot com- 
mencement of 
e\penment 

Method and date | 
of termination 
of' experiment 

Number of 
oral adminis- 
trations of 
culture 

Result 

Hamster B 1 

9th Feb 1928 

Found dead, I8th 

63 

Positive 



Feb 1929 



„ B 2 


Found dead, 16th 

60 

tt 



Feb 1929 



„ B 3 


Sacrificed 20th 

63 




March 1929 



„ B 4 


Found dead, 16th 

57 

U 



Feb 1929 



„ B 5 


Sacrificed, 21st 

88 

Negative 


1 

March 1929 



B 6 

1 

Sacrificed 21st 

65 

Positive, very 

1 

1 

March 1929 


heavy infection 
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In tlie cnse of anunals which die hefore they are examined the presence of 
inoderite infections is Iikel) to he missed and light infections are almost certain 
to be so If decomposition is athanced, often a matter of only a few hours in the 
tropics, one inaj not be able to gi'e a confident positive pronouncement even in 
the ease of hea\y infections 

In two out of the three nniimls found dead, and B,, the spleen was 
enlarged to three or four tunes the normal size and in the third, B^, to twice the 
normal size In hamster B,„ which showed a aery heavy infection, the spleen 
was enlarged to .'bout twice the normal size In the remaining animals, B^ and 
B^, the spleen was not enlarged We ma\ say, then, that a minimum of three 
hamsters, out of the six, became infected as the result of oral administration of 
cultmal forms of L dowvaiu 


Discussion 

_^jlt IS well known that the flagellate form of L donovam, as seen in cultures, 
will not long sure lie the introduction of contaminating bacteria This is also 
true of the similar forms found m P argtntipcs Aloreover, if the aflagellate 
Leishman-Donovan bod} be introduced with bacteria into NNN medium the 
bacterial growth inhibits the normal deielopment of the L D bodies into flagellate 
forms and their subsequent multiplication These facts seemed to rule out the 
possibility of any form of L ctonoKitn introduced into so apparcntl} hostile a habitat 
as the mammalian intestine existing there for any length of time 

The fact that infections have actually been produced in a large proportion of 
cases, both with the aflagellate and the flagellate forms of L donovam, via the 
intestinal canal, nullifies this a ptiort assumption and indicates that L donovam 
in either of its forms possesses a degree of resistance to the hostile eniironment 
of the mammalian intestine sufficiently great and prolonged to enable it to reach, a 
sterile shelter in the internal organs of the mammal, via the general circulation 
The method by which this entry is effected is still to find 

Once this idm.ssion is made, however, it at once re-opens the hypothesis of 
oral infection in kah-azar In face of the strong circumstantial evidence tending 
to incriminate P argcntipes as the vector of Indian kala-azar, it is with some reluc- 
tance that we re-open the question, but the experiments here described leave us no 
option and render necessary a re-examination of the possibilities of oral infection 
Thw necessity is emphasized by the fact that, as pointed out by us in the publication 
already referred to, while all attempts to transmit kala-azar by the bites of insects 
(out of thousands of experiments) have been unsuccessful, yet the relatively very 
few attempts at Infection by the oral route have shown a high percentage of 
successes We know that the parasites of kala-azar escape in the urine m viable 
form and it is most probable that they also escape in the fasces The obvious line 
of future expenmentatmn, therefore, is to determine the avenues from which 
Mable forms of L donovam may leave the mammalian host and how far these 
forms, which show considerable powers of resistance in the mammalian gut, will 
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CORRIGENDA 

In the October 1929 (Vol XVII, No 2) issue of the Imhan Journal of 
Medical Reseat cit, please note the follow mtj corrections — 

On page 622, footnote line 1, m place of ‘ page 623 ’ read ‘ page 617 ’ 

„ „ 644, line 7 from bottom, m place of ‘ {See Plate XLIX) ’ read 

‘ accompanying his paper ’ 
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y f^iu (1927), discussing tlie geographical distribution of the plant Ephedra 
£ vulgaris Rich occurring in the temperate and alpine Himalayas 
I o , ititude of 7,000 to 12,000 feet above the sea-level He also mentions 
i intermedia Schrenk et C A iley var glauca Stapf occurring in Tibet and 
adjoining parts of Kashmere In a previous paper (1928), it was pointed out 
that several species of this plant grow in India The two common specie-j 
occurnng m the Himalayas are E vulgaris Rich and B intermedia Schrenk and 
Mey, also known as B paehyclada, Boiss A variety of it B intermedia var 
tibctica also grows m certain parts of Kashmere Besides these, three other 
varieties are said to grow m India, le , B pcduncularis also known as B alte, 
B fragihs and E foliata, Boiss, to none of which are attributed any medicinal 
properties We have only been able to examine the last named of these and find 
that it has no alkaloidal content at all The following table gi\es the results of 
1 , { 647 ) 1 
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various specimens analysed by us with their total alkaloidal contents and relative 
quantities of ephedrme and pseudo-ephedrme — 

Tabli: I 


Species 

Sources 

Total 
alkaloid 
per cent 

Ephedrme 
per cent 

Pseudo- 
ephedrme 
By diff 
per cent 

Rcmauks 

1 B vulga) is 

Lahoul near Simla 

0-93 

0 66 

0-27 


Do 

i 

i 

Kargil 

fKashmei-e) 

103 

0*72 

i 

0 31 

Supplied hy Con- 
servator of 

Forests, Kash- 
mere 

3 Do 

4 Do 

Rampur 

(Jhetum valley) 

Forest Department 
Dehra Dun 

0*93 to 
1002 

0 03 

1 

0*49 to 

0 807 

1 

0-348 to 
0*36 

Do 

E pachyeJada 
or mtet media 
(Ubehca) 

6 Bphedta fohata 

Dehra Dun 

Do 

1 8 (59 
per cent 
epbed- 
rine) 

106 

073 

Supplied by Mr 
B L Gupta, 
Dehra Dun 

Supplied by Mr 
R N Parker, 
Forest Botanist 


A peiusal of Table I shows that on the whole the percentage of pseudo- 
ephedrme IS higher in the Indian varieties than m the Chinese In B intermedia 
var tibctica it is nearly half of the total alkaloids The total alkaloidal content of 
Chinese Ephedra varies from 0 018 to 1 32 per cent, of which 10 to 25 per cent is 
pseudo-ephedi me (the maximum pseudo-ephedrme content being 25 per cent of thf 
total alkaloids) — 

Table II 


Species 

i 

Total alkaloids 
per cent 

Ephedrme 
per cent 

Pseudo-ephedrme 
per cent 

Remarks 

Chinese 

Ephedra 

0 018 to 1*32 

1 

i 

O-OIS to 1 00 

i 

i 

0*003 to 0*33 

1 

Pseudo - ephedrme 
m Chinese varie- 
ties vanes from 
10 to 25 per cent 
of the total 
alkaloids 


It will also be seen that there are considerable variations m the total alkaloidal 
contents of the specimens of the same species obtained from different localities 
This may he due to (1) the difference in the soil and climatic condition of the 
locality from which the specimen has been collected, and (2) the time of the year 
at which the^ collection has been made, The first of these factors is still under 
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iswestigition but the sca^oml variations wc have been able to study with the help 
and co-operation of Mr S N Kaiil, Conservator of Forests, Utilization Division, 
Kashinerc, who was kind enou^ii to obtain foi us samples of Zf vulgafis growing 
in the mountain ranges bordering on the Jhelnm \alle> These samples w'e*'e 
collected from May to December, after that it w'as not found possible to obtain 
them on account of heavy snow' fall m these hills 'I'he follow’ing table gives the 
results of the alkaloidal contents of different specimens collected — 


T\nu in 


Tune 01 collection 

( 

Total alkaloidal j 
content per cent j 

j 

npHcdruit 1 

1 ' 

1 Pseudo-ephedrinc 
j Bj cliff 

1 

May 1928 

0-96 

1 

' 0-61 

(64 per cent) ^ 

0*35 

June 

0-979 

! 


August , 

1 

0-776 

1 

0*428 

(55 per cent) ^ 

0-348 

October 

1 17 

0807 

0-363 

December „ 

1002 




A perusal of the table wall show that the amount of the total alkaloids 
graduallj increases during the summer months but falls somewhat during the 
rainy season It goes up again and attains its ma\nnum m the autumn and then 
it begins to fall again The range of variations of total alkaloid is between 
from 0 77 to 1 17, 1 e , about 0 4 per cent and that of ephednne is from 0 428 to 
0 807 The percentage of pseudo-ephedrinc docs not show' very marked varia- 
tions These results correspond w’lth those obtained by Feng and Read with 
£ equtsetma collected m China 

SuMM'lRY AND CONCLUSIONS 

(1) The results of analysis of six specimens of different varieties of ephedia 
obtained from different localities in India is given 

(2) The percentage of pseudo-ephedrine appears to be somewhat higher m 
the Indian varieties as compared with the Chinese varieties 

(3) Seasonal vanations in the alkaloidal contents were w'orked out from May 
to December for E vulgatis The alkaloids gradually increase in the summe* 
month, but appear to fall somewhat m the rainy season The maximum is 
attained m the autumn (October) and then there is decline 
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During recent years several observers, led by Barcroft and his colleagues 
(1923 to 1928), have established the fact that the normal spleen contains a reserve 
of red blood cells which can be rapidly added to the circulating blood and stored 
away again according to requirements Among the workers in this field may be 
mentioned Cruickshank (1926), Hargis and Mann (1925), de Boer and Carroll 
(1924) and Hanak and Harkavy (1924) It is now known that the spleen is 
much larger during life than after death, that this organ has the power to con- 
centrate blood and that contraction of the smooth muscle of the spleen, causing 
expulsion of erythrocytes into the general circulation, occurs under many circum- 
stances Among such circumstances are IicCmorrhage, CO-poisoning, varieties of 
asphyxia, muscular exercise, pregnancy, ‘ heat ’ and injections of adrenalin and 
pituitnn de Boer and Carroll showed that in CO-poisoning the change in the 
volume of the spleen is brought about by stimulation of the spinal cord by oxygen- 
want, and it IS now accepted that the smooth muscle of the spleen contracts m 
response to stimuli reaching it through the splenic nerves or to an increased 
output of adrenalin Thus Isquierdo and Cannon (1928) found that emotional 
polycythiemia in cats is caused by increased activity of the suprarenal glands, 
the red cell count reaching its maximum very soon (1 minute) after excitement 
and returning to the pre-excitement level in thirty minutes 

{ 651 ) 
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The relation of the spleen to the white corpuscles differs from its relation 
to the erythrocytes While during adult life the latter are produced exclusively 
in the bone marrow, the mononuclear white cells, viz , lymphocytes and mono 
cytes originate to a large extent in the spleen Harvey (1906) found that a 
lymphocytosis followed the injection of pilocarpine, adrenalin, muscarin, and 
barium chloride, and came to the conclusion that these drugs caused a contrac- 
tion of the spleen and lymph glands Menkin (1928), working on cats, showed 
that emotional excitement brought about an increase of 13 per cent m the total 
mononuclear cells of the blood The inciease was maintained for 10 to 15 minutes 
after the period of excitement and the normal was reached m 20 to 30 minutes 
This phenomenon did not occur in splenectomized or sympathectomized animals, 
and was therefore due to contraction of the spleen 

This paper contains a record of experiments made to determine the changes 
m the blood picture brought about by subcutaneous injection of adrenalin in 
patients having enlarged spleens, the result of chronic malaria All subjects 
examined had an increase m the circulating monocytes In this connection it 
should be noted that a relative monocytosis is often found in persons whose 
spleens are not appreciably enlarged and who show no signs of active malaria 
This may be due to a small latent infection or may possibly be the result of 
malaria which has been eradicated This ciicumstance rendered difficult the find- 
ing of strictly noimal controls as nearly all the individuals available had suffered 
from malaria at some time or other 

Experimental 

In each experiment a red cell count and a total and differential leucocyte 
count were done on a patient before and after the subcutaneous injection of 
1 c c of adrenalin, 1 in 1000 (P D & Co ) Preliminary observations were 
made to determine the time after injection at which the blood changes were most 
marked It was found that the red cells reached their maximum 25 minutes, 
and the white cells 20 minutes after adrenalin Subsequently all counts were 
made at these intervals Hemoglobin estimations were found to be unsatisfac- 
tory owing to the difficulty in detecting small changes by the methods at our 
disposal, especially m anemic patients Films were stained by Giemsa’s method 
In the differ ential counts the numbers of small and large lymphocytes and of 
monocytes are given separately, although it is recognized that the differentiation 
of large lymphocvtes from monocytes is sometimes very difficult Distinction 
was based on the descriptions given by Piney (1928), having special regard to 
the nucleai basi-chromatm Cells with a linear arrangement of this substance 
were classed as monocytes while nuclei showing dense masses of basi-chromatin 
were taken as belonging to large l>mphocytes When any doubt arose the benefit 
was gnen to the lymphocytes, so as not to over-emphasize the mononuclear in- 
crease, especially m post-adrenalin counts In every experiment at least 300 cells 
were counted before and aftei injection 
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RLbultb irc sLt forth m Tables I ami II In Table I absolute figures are 
gueu and in 'r.iblc II percentage eh mges Observations 1, 2 and d were made 
on normals On each of four patients, two expeiiments were earned out on 
diileieiit dues In seven cises there was little oi no iise m the icd blood cells, 
while 111 the increase was of the same ordei as m the controls Of these three 


Taiiu II 


Shoi^ing ilu puciutagc changes in blood counts after kirenahn injection 
(The numbers refer to those of patients gneii in Table I ) 


No 

R B C 

\V B C 

I -ir-jC 

Snnll 1 
h iiiphocj tes 1 

Monocj Ics 

Pol>nuclcars 

1 

-f22-0 

4-36 6 

4-140 

-+13 1 j 

4-77 0 

4-37 7 

2 

-P1S5 

4-212 

4-34*2 

4-21 3 

4-37 4 

4-16 6 

3 

4-226 

4-75 9 

-r99-2 

4-70-5 

4-1024 

4-67 9 

4 

4-24 7 

4-157 

4-818 

4-262 

4-35 8 

-7 9 

5 

4-20 2 

4-84 6 

4-32>5 

4-93 0 

4-70-5 

•4-51 5 


1 -e23'0 

4-117 

0-77 3 

4-298 

—37 1 

4-123 

6 

t 4-1S4 

4-37-9 i 

4-18-2 

—58-6 

4-1562 

4-29-0 


[ 4-3' 1 

4-53 3 

4-79-5 

-f 67 8 

—56 

4-63 0 

7 

1 

4-413 

4-81 1 

4-150 

4-85 6 

4-75 9 

8 

( 4-67 

4-1425 

4-324 5 

4-67 

4-270-1 

4-810 

[ —0-3 

4-136 3 

4-1362 

4-27 

4-184 7 

4-215 0 

9 

4-52 

4-88:0 

4-2055 

—60 

4-155 6 

4-415 

10 

4-5 4 

4-35 4 

4-1083 

4-17-9 

4-88 4 

4-21 1 

11 

4-2-4 

4-105 3 

4-118 1 

4-96 7 

4-190-2 

4-926 

12 

4-0-6 

4-60-7 

4-2080 

4-26 7 

4-1560 

4-218 

13 

4- (72 

4-64 3 

4-93 8 

—63 

4-1540 

4-45 3 


cases one (No 4) was suffering from tubercular disease of the small intestine, 
and one (No 6) from an acute exacerbation of malaria (mixed B T and S T 
infection) In only one experiment was there a fall in the red cells, and this 
was insignificant An increase m the total leucocyte count occurred m every 
case, and wdnle there is no constant relationship between the rise in white cells 
and that in reds, it is seen that the patients showing the greatest degree of leuco- 
cytosis are amongst those in whom there was little or no change m the erythrocyte 
count The increase is greatest and most constant in the case of the large lympho- 
cytes and monocytes, le, the ‘large mononuclears,’ and here again the most 


654 


Studies on the Enlaiged Malaiial Spleen. 

marked changes are accompanied by little alteration m the number of red cells 
In two experiments there was a fall m the monocytes after adrenalin These 
experiments were carried out on patients who were at the time .suffering from 
acute attacks of malaiia Examination of the same patients after a few days of 
intensive quinine treatment revealed a post-adrenalm rise in monocytes Varia- 
tions m the granulocytes were irregular, as were also the changes in small lympho- 
cytes Attention may be directed to the high counts in patient No 11 who was 
suffering from influenzal broncho-pneumonia These are most likely due to 
concentration of the blood, a phenomenon which is well known to occur in this 
disease 


Discussion 

Our results show that the enlarged spleen in chronic malaria may contain 
little or no reseive of red blood cells, especially m the absence of an acute condi- 
tion The outstanding histological features of the chronic malarial spleen, apart 
from the presence of parasites and of malarial and blood-derived pigments, is 
the proliferation of the cells belonging to the reticulo-endothelial system These 
cells invade the blood sinuses and dimmish the capacity of the organ to store red 
corpuscles Contraction of such a spleen would cause a rise in the numbers of 
circulating lymphocytes and monocytes In all our experiments except two we 
found this to be the case, and it was always observed that after adrenalin the 
blood contained an increased proportion of mononuclear cells of a large type, 
such as are seen in the spleen, liver and bone marrow when the reticulo-endo- 
thelial cells are stimulated to proliferation (Gye and Purdy, 1922, 1924) 

Of the two patients who showed a fall m the monocytes after adrenalin when 
first examined, one had a very heavy double infection which had been rapidly 
getting worse without treatment In the other case there was a severe subtertian 
infection This patient was a cooly of very poor physique and under-nourished, 
and had comparatively little enlargement of the spleen When the disease had 
been got under, by means of quinine, the number of circulating monocytes 
diminished considerably in both patients, but there was a large output of these 
cells on stimulation of the spleen The findings m these two cases strengthen 
the impression obtained from the general results that the reticulo-endothelial cells 
of the spleen play an important part in overcoming malarial infection 

Conclusions 

(1) Observations were made on the changes in the blood picture brought 
about b> contraction of the enlarged spleen in chronic malarial patients following 
the subcutaneous injection of 1 cc adrenalin solution (1 in 1000) 

(2) In sAme patients of this type contraction of the spleen causes little or 
no increase inlthe circulating red cells, especially in the absence of an acute 
condition ' 
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(3) \ l(.ucoc\tOhi'i al\\'i\s followed injection of adrenalin, the most marked 
change m qineseent cases being an merease in the monocytes and large lympho- 
c\tes 

Onr thanks are due to Dr Lai Chand Khanna, Professor of Physiology, 
King Eduard Medical College, Kahore, for permission to work m his Laboratory 
and to Dr \man Ull di Khan for assistance during the investigation 

The expenses of this research were defrayed hy the Indian Research Fund 
Association 
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It has been shown m a previous communication (Hughes and Shnvastava, 
1930) that contraction by adrenalin of the enlarged spleen of chronic malarial 
patients, not suffenng from any acute condition, brings about an increase m the 
circulating leucocytes especially of the monocytes and large lymphocytes, but that 
the capacity of such a spleen to act as a reservoir for red blood cells may be much 
reduced or totally absent In this paper are recorded the results of an investiga- 
tion into the changes in the blood picture caused by quinine in similar subjects and 
in malanal patients with no appreciable splenic enlargement Two patients were 
suffenng from post-malanal cirrhosis of the liver 

The method by which quinine destroys malarial parasites is not known, but 
Its action IS undoubtedly an indirect one Yorke (1926) believes that large 
numbers of parasites are first killed, probably indirectly, and that these act as 
antigen and call forth an output of immune bodies from the tissue cells Maxey 
(1928) review's the whole subject and quotes ICirschbaum (1923) who found that 
parasites remained alive for six hours outside the body in blood containing quinine 
in a much greater strength than is found in the circulating blood after oral or 
intravenous administration Giemsa (1927) is of opinion that quinine is absorbed 
by the endothelial cells and given up to the parasites, while Voinik (1927) con- 
siders that the drug lyses the red blood cells containing parasites which are set 

( 657 ) 
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free m the plasma and there destroyed Cushny (1926), however, states that 
quinine causes haemolysis only when it is present in the blood to the extent of 
0 5 per cent, a strength which is more than sufficient to stop the heart To 
reconcile these statements, it is necessary to assume that corpuscles infected with 
parasites are more vulnerable to quinine than normal red cells Voinik states 
that in malaria the haemolytic action of quinine varies inversely as the NaCl 
content of the blood, and that an elevated temperature increases haemolysis As 
regards the effect of the drug on the spleen Cushny quotes Roth’s opinion that 
a single dose generally causes leucocytosis at first, perhaps arising from con- 
traction of the spleen This is followed by a fall m the number of white cor- 
puscles, especially of the lymphocytes, though the polynuclears are also reduced ’ 

JExpmiMmTAi, , 

The enquiry was earned out on the lines already described (Hjughes and 
Shrivastava, 1930) In one set of experiments a single dose of quinime hydro- 
chloride (6 grains) was given intravenously, while m another each patieilit received 
10 grains of quinine hydrochloride m solution four times a by the mouth 
The effect of quinine and alkalies, given as recommended by Sinton (1923), was 
also tried Sometimes this combination was adrnmi<;tered aftV oj- several days of 
quinine alone, sometimes after several days of alKahes alone j-bese observa- 
tions the urine was kept alkaline throughout V 

Rcsults \ 

Typical results after intravenous quinine are given in Tables and II, the 
former showing absolute figures and the latter percentage changes IiA the earlier 
experiments, counts were made 20 minutes after injection At this V oenod the 
usual findings in malanal subjects were a fall in the red cells and a riT -,e m the 
leucocytes, chiefly affecting the large lymphocytes and the monocytes \ it was 
found later that counts made at an interval of one hour usually showed a\ greater 
increase m the white cells, while the erythrocytes had returned to the oi rigmal 
level or gone above it Two hours after injection the number of leucocyte' g -yyas 
usually below the pre-injection level Control experiments using saline , 
were without effect In one of the cases of cirrhosis of the liver (No 6)\ ^ ^be 
changes after intravenous quinine were relatively very slight When injects 
were given to individuals without splenic enlargement or other evidence 
malaria the changes were a rise in leucocytes as before, accompanied, howeA 

by a rise in the red cells \ 

During oral administration of quinine, of alkalies and of quinine and alkalia 
counts were made at exact intervals of 24 hours, before the morning meal h „ 
some of the early experiments with quinine alone, the blood was examined 2(i j 
minutes and 2 hours after the first dose of the drug as well Typical results ofl 
this senes are given in Tables III and IV and two experiments with quinine and) 
alkalies are represented graphically in Figures 1 and 2 Figure 1 shows the! 
changes in total leucocytes and in granulocytes, and Figure 2 in large lymphocytes 
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* and monocytes combined These two types of cells are lumped together because 
of the difhcultv that sometimes exists in distinguishing one from the other 

With oral qumme theie was a small increase m the total white cells which 
affected chiefly the large lymphocytes and monocytes When alkalies were given 
with quinine a shaip rise above the pre-ciumme figures was produced in which, 
however, the granular cells often took a piomment part (Case W, Table III and 
figures) This change reached its maximum on the second or third day The red 
cells did not show any marked changes with qumme alone, but with allcah and 

Tabi,^ II 


Percentage changes m blood counts aftet intravenous injection of quinine 
(The numbers refer to those of patients given in Table I ) 


No 

RBC 

WBG 

Large 

lympho- 

cytes 

! Small 
[ lympho 
cytes 

Mono 

cytes 

Polynu- 

clears 

Remabks 

1 

-17 4 

+ 41 6 

+205 3 

— 12 8 

+244 0 

+ 611 



-22 2 

+ 13 5 

+ 41 1 

i - 40 4 

+ 148 0 

+ 47 


2 

- 79 

+ 747 

+ 88 9 

+ 22 3 

+ 108 4 

+ 82 6 


3 

-210 

+ 46 7 

+ 65 8 

+122 2 

+ 641 

. +162 

1 


- 89 

+ 55 5 

+ 50 4 

+ 29 6 

+ 65 2 

+58 7 

1 


-10 8 

+ 313 

+ 92 0 

+ 111 

+ 59 4 

+15 0 



+ 58 

+ 413 

+ 76 6 

+ 66 5 

1 

+ 120 5 

+22 1 

Changes 1 hour aftei 







injection 

4 

-17 4 

+ 28 4 

+ 28 5 

+ 65 8 

+ 65 4 

- 33 



-18 6 

+ 14 8 

+ 86 

- 5S4 

+222 3 

+ 11 



+ 63 

+ 55 5 

+ 75 9 

— 30 7 

+279 5 

+42 4 

Changes 14 hours 



1 


1 

after injection 

5 

-16 5 

+ 11 8 1 

- 32 0 

- 66 6 

+ 95 1 

+21 6 


r, 

- 30 

+ 94 

- 87 1 

+ 46 3 

- 181 

+ 162 


7 

-21 6 

+ 73 8 

+ 02 2 

- 38 7 

+ 191 3 

+ 68 


8 

+ 96 

+ 161 

i 






+ 115 

S 

\ 

+ 112 2 

+512 9 

- 90 

4-286 4 

+ 33 5 

Changes 1 hour aftei 





injection 


+\2 

- 3 0 

+ 65 0 

- 65 4 

+ 32 6 

+ 71 

Changes 2 hours after 





injection 

9 

+ 618 

+ 55 







4 11 ^ 

+ 58 8 

- 23 7 

— 30 0 

+ 28 4 

+96 4 

1 Changes 1 hour aftei 


\ 




mjection 


\ 

+ 6 o 

V - 19 5 





Changes 2 hours after 


EL 





injection 


Figiires refer t\ changes occurrmg 20 minutes after injection unless othenvise stated 
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Tabi^e IV 


Petcentage changes m blood counts after giving qiiimne orally 
(The numbers refer to those of patients given in Table III ) 


No 

Date 

1 

RBC 

WBO 

Large 

lympho- 

cytes 

Small 

l3rmpho 

cytes 

Mono 

cytes 

Polynu- 

clears 

Rejukks 

I i 

8-2-29 









Do 

-f 84 

+ 24 

- 14 

-46 6 

4-38 7 

4- 77 



Do 

-f 48 

+ 28 

- 29 6 

-71 0 

4-28 8 

4-33 0 



9-2-29 

+ 17 

+ 81 

4-301 

-28 9 

4-24 7 

4-16 0 

Same as in 
Table III. 


10-2-29 

+ 80 

-h 38 

4-88 0 

-44 4 

4- 78 

4-116 



11-2-29 

4-15 i 

-t- 42 

4-48 6 

4-28 5 

4-17 4 

4-62 0 



12-2-29 

-fl5 2 

4-54 0 

4-220 9 

4-49 8 

4-27 0 

4- 448 


II 

15-2-29 









16-2-29 

- 03 

4- 41 

4-80 0 

- 6 1 

- 16 1 

- 69 



18-2-29 

-f- 61 

“f* 2 4 

4-32 7 

-11 7 

- 313 

4-13 3 

Same as in 
Table in 


19-2-29 

-f 16 

4-29 9 

4-84 1 

-31 2 

4-219 

4-14 4 



21-2-29 

+ 62 

4-43 8 

4-616 

-34 6 

- 03 

4-49 4 


ni 

22-2-29 







« 


23-2-29 

-t- 27 

4- 68 

Nil 

-44 4 

4-66 3 

4-7 9 



25-2-29 

- 2 1 

4- 64 

4-99 

- 96 

4-64 0 

4- 84 



26-2-29 

- 2 1 

-4-26 4 

- 26 7 

-67 6 

4-110 9 

4-70 3 



27-2-29 

-{- 68 

4-66 7 

- 26 0 

4- 67 

4-76 4 

4-150 3 

Same as in 
Table IH 


28-2-29 

4- 89 

4-64 3 

- 86 

-64 8 

4-44 3 

4-162 1 



1-3-29 

-f 81 

4-56 4 

- 16 0 

-12 0 

4- 27 

4-1014 



2-3 -29 

+ 84 

4-52 1 

- 66 3 

4- 14 

4- 62 1 

4-119 6 



quinine there was usually a definite rise An erythrocyte count made 20 minutes 
after the initial dose of quinine often revealed a small increase, but after two 
hours this had usually gone The rise in red cells and leucocytes •following quinine 
and alkalies continued for at least two days after the drugs were stopped 
Alkalies alone produced no constant effect 

Discussion 

The alterations brought about m the picture of normal subjects by an intra- 
venous injection of quinine resemble those which follow an injection of adrenalin 
(Hughes and Shrivakava, 1930) and are more than likely due to the same cause, 
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Mz , contricuon ot thi. bplcui In nnlanal patiuUs, ho\\e%tr, although the white 
(.ell clnngi.') alter intra\eiioiib quiiiiiic are Miiiilar to thobe after adrenalin, the 
alteration in the red cellb ib ditTereiit Here the Ubual elTect ib a fall soon after 
injection, siieeeeded h) a return to normal or a ribC in the course of an hour or 
so 'Ihe eavibe of this tall is, \se think, revealed in the incrcabc of plasma bilirubin 
which we tound to occur in most of thebe eases some time after the administra- 
tion of quinine \n excessive degree ot ha.molvsis is suddenly brought about 
and bile pigment is produced m increased amount bv the cells of the reticulo- 
endothelial bv stem A temporarv h) per-bilirubin.emia eonsequently results m those 
individuals whose livers cannot excrete the pigment as fast as it is formed The 
tormation ot bilirubin is a rclativelv slow proecss Mann and his colleagues 
(1926) found that when ha.moglobni was pertused through the spleen m dogs, 
the bilirubin content ot the blood in the splenic vein went on increasing for 1 or 
2 hours \ rise was usuallv first noticed m 30 minutes In our cases a signi- 
ficant change in the plasma bilirubin was not as a rule found before one hour,, 
sometimes nuicn later (cf Case 7) \ rise m the bilirubin content of the blood 

would also result from damage to the liver cells such as has been found by 
Sipcrstein and Litman (1921) and others to occur in rabbits after quinine 
administration Interference with liver function would not, however, cause a 
fall in the red corpuscles Further, m normals, in whom a rise and not a fall in 
red cells resulted, there was no increase m plasma bilirubin This last fact also 
suggests that the corpuscles destroyed by quinine are either infected with malarial 
parasites or are otherwise rendered more vulnerable to the dnig by the disease 
The subsequent rise in red cells is, we think, due to the splenic contraction persist- 
ing after the hiemolytic action has passed off \,a 

During oral administration the blood changes were, as might be expected, 
different from those that followed a single intravenous injection In the former 
case the drug is slowly and continuously entering the circulation over long periods 
and IS passing through the liver where, according to Lipkin (1919), it is acted 
on by a quinme-destroying agent After intravenous administration, on the other 
hand, there is for a short time m the blood a relatively high concentration of 
quinine which, however, soon falls 

As far as the white cells are concerned, the changes were in the same direc- 
tion with ora’ as with intravenous quinine but were much less m degree There 
was m no case a significant fall m the red cells, nor was there an appreciable 
rise in the plasma bilirubin These facts do not necessarily rule out any des- 
truction of erythrocytes, as the numbers of cells destroyed may have been com- 
pensated for by additions from the spleen or marrow, while the liver may have 
been able to remove any extra bile pigment as fast as it was being formed 
While It IS reasonable to assume that contraction of the spleen occurs after oral 
as well as after intravenous quinine, though to a less extent, it is not improbable 
that in experiments such as these, extending over days, new formation of blood 
cells contributes to the changes observed If, as Giemsa thinks, quinine is taken 
up by the cells of the reticulo endothelial system, a stimulus to the proliferation 



664 


Studies on the Enlarged Malanal Spleen, 

of these cells at least is present during absorption of the drug On the adminis- 
tration of quinine with alkalies the increase, in some cases, in both granulocytes 
and erythrocytes suggests increased marrow function This combination of drugs, 
however, reduces the size of the enlarged malarial spleen more rapidly than 
quinine alone (Sinton, 1929), so that shrinkage of this organ must play an 
important part in the causation of the blood changes The accentuation by 
alkalies of the effect of quinine on the spleen is probably connected with the 
increased tonicity of smooth muscle caused by a rise in the pH (McDowall, 
1928) This would sensitize the contractile elements of the spleen to the action 
of quinine whether this is brought about through the splenic nerves or through 
an augmentation of the adrenalin output Menkin (1929) working on rabbits 
has very recently shown that ' the spleen, while contracting, is able to change the 
differential leucocyte formula, first by discharging primarily mononuclear cells 
from its pulp, and secondly, m the course of continued contraction by lowering 
the absolute leucocyte level in the circulation through an unequal retention, in- 
volving the polymorphonuclears to a larger extent than the mononuclears ’ This 
observer had previously (1928) noticed that in splenectomized or sympathec- 
tomized cats, prolonged excitement produced a relative decrease of the mononuclears 
m the peripheral blood He now attributes this phenomenon to an increase in 
polynu clears most likely from the bone marrow owing to the fact that these cells 
could not be retained in a splenectomized or m a sympathectomized animal where 
the spleen could not contract It is possible that prolonged intense contraction 
of the malarial spleen by quinine and alkalies leads at first to an output of mono- 
nuclear, and a retention of polynuclear cells as m Case 1, Table III (Fig 1), 
and that later, when the organ has contracted to its utmost, polynuclear 
cells coming from the bone marrow can no longer be retained, and consequentlj 
increase in number for a time in the peripheral blood (Case 3, Table III, 
Fig 2) 


Conclusion 

A study was made of the changes m the blood picture m chronic malanal 
patients with enlarged spleens following the administration of quinine (a) by 
the intravenous, and (6) by the oial route 

(a) Intravenous injection of 6 grains of quinine hydrochloride m 10 c c 
■saline brought about the following changes — 

1 Ar\ increase in the leucocytes mostly affecting the large lymphocytes 
and moqocytes This is similar to the leucocytosis that follows injection of 
adrenalin inVich subjects 

2 A falKm the red cells succeeded by a return to normal or a slight increase 
There waa also a delayed increase in the bilirubin content of the plasma 

Reasons are giAn for considering this to be an indication of haemolysis It did 
not occur in conmol experiments on normal subjects 
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(6) Blood countb made at intcrvalb of 24 hours on patients having 10 
graiUb of quinine Indrochloride hv the mouth four times a da) revealed the 
following changes — 

1 A rise in the leucocjtes alwass affecting the monocytes 

2 \ small rise m the red cells 

When quinine in these doses was combined wnth alkalies there w'as a sharp 
rise in both white and red cells reaching a maximum about the second day The 
granulocjtes oltcn took a piominent part in the leucoej tosis 

Our best thanks are due to Dr Lai Chanel Khanna, Professor of Physiology, 
King Edward Medical College, Lahore, for permission to w'ork m his Laboratory 
and to Dr Aman Ullah Khan for assistance during the investigation 

The expenses of this research were defrayed by the Indian Research Fund 
Association 
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^YHOLE WHEAT BREAD AND WHITE BREAD 
A CO^rPARATIVE STUDY 


m 

BRnrT-CoLoxhL R McCARRISON, ciu, khp, md, prcp, ims, 
Dtrecior, Nutntioml Research, I R FA, Pasteur Institute, Cooiwoi, S India 

[Rcceucci for publication, June 21, 1929 ] 

Introduction 

The wheat gram consists of the endosperm, the embryo plant or germ and 
the pericarp and integuments or outmost layers of tlie seed The endosperm, 
of which white flour mainly consists, constitutes about 83 parts of the entire gram, 
the germ about 1 5 parts, and the pericarp and integuments (the bran) the 
remainder The chief constituents of wheat are carbohydrates (starch and sugar), 
proteins, fats, inorganic salts and combined phosphorus, vitamins, crude fibre and 
cellulose The carbohydrates are contained chiefly in the endosperm, the fats in 
the germ, and the proteins and inorganic salts in the germ and bran in which also 
the vitamins, crude fibre and cellulose for the most part reside In the process of 
manufacture of white flour the germ, the pericarp and the integuments — techni- 
cally called ‘ the offal ’ — are removed and discarded Accordingly, much of the 
fat, the protein, the mineral matter, the vitamins, and crude fibre is lost Of 
these losses the most serious are those of proteins, of salts, of vitamins and of 
crude fibre 

The loss of protein is serious because the proteins of the embryo and bran 
are of relatively high biological value, resembling more closely the physiologically 
active proteins of animal tissues (1, 3), they are superior to those of the endo- 
sperm (white flour), and more adequately supply the protein requirements of the 
growing animal than those of the endosperum (2, 3) , further, they are of 
such a character as to supplement nutritively those of the endosperm, being 
richer in those nutritionally essential ammo-acids m which the proteins of the 
endosperm are deficient (2, 3) Their discard is wasteful because, without 
them, the proteins of white flour (gliadin and glutenm) cannot be effectually 
transformed into body-protems , suitable ammo-acids must, therefore, be provided 
from other (and expensive) sources, such as milk, meat and egg 

The loss of inorganic elements— -lime, phosphorus, iron, manganese, alumina, 
magnesia, potash, soda, sulphur, chlorine and iodine— and of vitamins is no less* 
serious and calls for a wise selection of supplementary food-materials if the 

{ 667 ) 
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deficiency of white flour in these essential substances is to be made good The 
loss of the crude fibre of wheat bran deprives the intestine of an important 
laxative ( ?) 

Whole ^/heat flour {atta) contains the products of the whole gram with 
the exception of the coarser parts of the bran which are removed by sifting, 
and though it is deficient in certain mineral elements — calcium, iron, sodium, 
phosphorus and chlorine — yet its deficiencies are much less than those of white 
flour and are correspondingly easier to rectify 

The investigation with which the present paper deals was undertaken with 
the object of comparing the nutiitive values of diets having white flour or white 
bread as their basis with those of similarly constituted diets having whole wheat 
flour (atta), or the unleavened bread (cliapatti) made from it, as their basis 
^Moreover, the experiments were designed to indicate means by which complete 
diets could be built up from either of these flours or breads 

The first part of the paper deals with a comparative experimental study of 
white flour and whole wheat flour {atta), the second with a similar study of 
white bread and unleavened bread (cliapatti) made from whole wheat flour 

PART I. 

Whole wheat flour versus white flour. 

Composition of the fioius 

The flours used in these experiments were those on sale in the local bazaar 
Both were imported from Calcutta and were manufactured from wheat grown 
in Northern India Their chemical composition is shown m Table I 

The iodine-content of the two flours Avas not determined , but ivhole ivheat 
flour contains approximately 15 parts of iodine per 10'’, white flour approxi- 
mately 3 paits per 10'*, the former being from five to six times richer in iodine 
than the latter It will be noted from Table I that the atta contained more fats, 
proteins, fibre and mineral matter than the Avhite flour The former was richer 
m phosphorus, iron, alumina, manganese, lime, magnesia, potash, sulphur, soda 
and iodine, than the latter 

Details of experiments. 

Young rats, aged between 40 and 50 days, and weighing between 32 and 
55 grammes, were used They were divided into groups of 6 There Avere 
three males and three females m each group The aggregate Aveight of the 
animals in each group Avas, as far as possible, the same The animals Avere 
selected from a large number of litters, specially bred for the purpose of the 
experiment, each member of a group being taken from a different litter In thw 
Avay any inherited groAvth tendencies Avere equally distributed in the different 
groups One group Avas used for each test Each rat Avas confined in a separate, 
screened cage under conditions of the most scrupulous cleanliness Coprophagy 
was prevented Water for drinking and Avashing purposes — the latter an im- 
portant point — Avas supplied in abundance The animals Avere Aveighed Aveekly 
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T\bi.i. 1 


Giving thi, Lliciiiical composition of the xvliolc soheat and the white flour used in 
the investigation results expressed in percentages of inoisturc-fi ce sample 


Constituents 

Whole wheat flour 

White flour 

Moisture (110°C) 

10-05 

1198 

Mineral matter 

2 051 

0471 

Ether extractnes 

2*749 

1244 

Crude proteins 

13 61 

9*63 

Crude fibre 

1991 

05 

Carboh> drates 

79-599 

8S 155 

1 OTVI, 

100-000 

100*000 

•Mbuminoids 

1129 

8 45 

Mineral matter 



Insoluble 


0 016 

Soluble 


0*455 

Soluble mineral matter 



Soluble silica 

Nil 

0*002 

Phosphoric acid (PiOo) 

0-960 

0*002 

Iron oxide (FcjOj) 

0-04 

'1 race 

A.lumina (A1 Os) 

0-062 

Trace 

Manganese (MnjOj) 

0-0086 

0*0008 

Ernie (CaO) 

0-22 

0-09 

Magnesia (MgO) 

0247 

Trace 

Potash (KsO) 

0 343 

0-08 

Sulphuric acid (SOa) 

0*064 

0*05 

Chlorine (Cl) 

Trace 

0 018 

Soda (by difference) 

0*064 

0 029 

Totai 

2*008 

0 455 

ToTM, CHLORlNr AS D1 TERMlNED BY THE SOMvI^^ 
METHOD 

0*146 
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The experiments were carried out during the spring months, they run concur- 
rently, the experimental period was 54 days 

Series A 

I White flour versus ' atta’ as the sole article of diet 
The effects of exclusive diets of (a) white flour and water, and (b)atta and 
water on the giowth of young rats are shown in Charts 1 and 2 



Little growth occurred on the white flour diet, the average increase in body- 
weight of the four animals that survived the experiment being 10 6 per cent 
Considerable growth occurred on the diet of atta and water , the average increase 
in body-weight being 65 per cent, or approximately 55 per cent greater than the 
growth resulting from the white flour diet Growth on the atta diet was not 
optimal, though superior to that on the white flour diet 

The white flour diet rarely or never caused polyneuritis, even when the 
experiment was continued for long periods Young rats have survived an ex- 
clusive diet of white flour, with but little gain in body-weight, for periods as 
prolonged as 177 days without the development of polyneuritis It was rare, 
however, that they survived for so long Usually they died of pneumonia, gastro- 
enteritis or asthenia with marked alimentary dystrophy Amongst those sur- 
viving for long periods vesical calculus and its sequelae — cystitis, dilated ureters, 
pyelitis and hydro- or pyo-nephrosis — were sometimes found at post-mortem 
examination 

The results of this experiment indicate (a) that while neither whole wheat 
flour nor white flour is in itself sufficient for optimal growth, neither being a 
complete food, yet whole wheat flour is more suitably constituted to maintain 
well-being m young rats for a short time a conclusion which has already been 
reached by McCollum and Simmonds(4) , (b) that an exclusive diet of the Indian 
white flour used in this investigation contains just enough of the anti-neuritic 
fraction of Vitamin B (vitamin Bj.) to prevent polyneuritis m growing rats 
^ome further explana^lon of the second of these conclusions is necessary 
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An cxpcnniLiit \\n^ undertaken in whicli 15 groups of 6 joung rats were 
emplojed To one group an exclusue diet of Indian white flour w'as given, to 
other groups diets were gi\en in which eertain percentages of the flour were 
replaced b\ fats, inorganic salts, proteins and purified starch, either alone or m 
eoinbination It was found that cases of polyneuritis did not begin to appear 
until 23 per cent of the white flour had been replaced by other food-materials 
(5 per cent of salts, 8 per cent of oluc oil, and 10 per cent of meat residue) 
containing little or fio \itamm Bj Even w'hen these food-materials formed as 
much as 35 per cent of the diet (20 per cent of meat residue, 10 per cent of 
olne oil, and 5 pei cent of salts) polyneuritis was only an occasional incident 
during the 65 da\s the experiment lasted The further replacement of the remain- 
ing 65 per cent of white flour bj purified, Mtaminless starch caused the incidence 
of pol> neuritis to increase proportionately to the increasing quantity of purified 
starch in the food When all the white flour had been replaced by vitaminless 
starch, polyneuritis w’as ine\itable and caused the death of all animals in periods 
ranging from 3S to 4S dajs The presence of some vitamin B, m the Indian 
w’hite flour was thus conclusively demonstrated 

Rats fed on diets containing from 60 to 77 per cent of wdiite flour, the 
balance being made up of meat residue, olue oil and salt mixture, occasionally 
survived for long periods before developing polyneuritis Examples are shown 
in Plate L, figs 1 and 2, and Charts 3 and 4 The importance of these obser- 
vations from the point of view of the causation of beri-beri-like maladies in man 



increased steadily up to the 7Sth 108th da^ theSr it bevan 
day when paralysis occurred appeared on the ISfitb ^ j i’ P^^^lysis 

thereafter body-weight fell until ° on tSe IWU. 

death occurred on the 86th day 
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IS considerable Ben-ben is not due to complete absence of vitamin the dietetic 
factor in its causation is an insufficiency of vitamin B^ in the food (5) This 
insufficiency may be relative to other ingredients of the diet (6) Now white 
flour contains appreciable amounts of vitamin B^ , the addition to it of 2 per 
cent of yeast — the usual amount required for the making of white bread — adds to 
the supply of vitaimn B^, consequently, ben-ben is comparatively rare amongst 
white-bread-eating races Judging from experience in rats, polyneuritis would 
be unlikely to arise in persons subsisting on an exclusive diet of white bread and 
water But with the substitution of other food-materials (meat, sugar, etc) 
containing little or no vitamin B^, for a considerable proportion of the white 
bread, cases of polyneuritis oi even actual outbreaks of beri-beri-like maladies 
might be expected to arise under favourable climatic conditions, especially in 
persons suffering from such tropical infections as malaria, dysentery and ankylos- 
tomiasis The outbieaks of so-called ‘ben-ben,’ recorded from time to time 
amongst British Troops in India and Aden, appear to be capable of explanation, 
in this way 

II The effect af adding butter to diets of white floui and Atta" 

Both white flour and atta are deficient m vitamin A, the former more so 
than the latter The addition of local butter to the white flour diet, m the pro- 
portion of 1 25 gram per rat per day, resulted in an increase of body-weight of 
from 10 6 to 26 2 per cent, or an improvement of 15 6 per cent The same 
amount of local butter when added to the diet of atta resulted in an increase in 
body-weight of from 65 to 97 1 per cent, or an improvement of 32 1 per cent 
The improvement caused by the butter was thus twice as great when the basis 
of the diet was whole wheat flour (atta) as when it was white flour It would 
seem, therefore, that atta contained, in greater abundance than white flour, 

‘ something ’ necessary for the utilization of fats It must here be added that 
the amount of fats added to the diets was relatively large 

The results of this experiment are shown in Charts 5 and 6 
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III TIu cffut of adding 5 per cent of diud yeast to diets of zoliite flour and 

' alia ' 

White flour ib deficient in both fractioiib of vitamin B The addition of 5 
per cent ot dried >east to the i\hite flour diet resnlteu in an increase of body- 
weight of 107 9 per cent, or 97 5 per cent more than that resulting from wdiite 
flour alone, and 42 9 per cent more than that resulting from whole wheat flour 
alone It is e\ident, therefore, that fi\e per cent of dried >east more than com- 
pensated lor the deficicnc} of Mtamm B m white flour In a subsequent experi- 
ment (Part II, Experiment I, Series B), it will be shown that 2 per cent of dried 
%east does not compensate tor tlie deficiency of this factor iii wdiite flour It may 
be assumed, theretore, that soniethmg Iietwecn these two figures, saj 3 5 per cent 
ot dried \east, would ha%e sufiiced to make the \itamin B-content of the wdiite 
flour diet eqinl to that of the whole wheat flour diet 

Whole wheat flour is not deficient m Mtnmin B,, but is relatnely poor m 
Miamin B_ The addition of 5 per cent of dried yeast to the atta diet caused an 
increase of bod\ -weight of 121 S per cent, or an improvement of 56 8 per cent 
o\er that resulting from the atta diet without the addition of yeast It may, 
therefore, be assumed that the yeast provided the vitamin B, m which the atta 
was lacking Yeast is known to exercise some influence on absorption and 
assimilation(7) fa\ourable to the growth of joung rats 

The results of this experiment are shown m Charts 7 and 8 



IV The effects of adding butter and yeast to diets of ivhite flour and ‘ atta ’ 
The amounts of these substances added to the two diets w^ere of butter 
1 25 grams per rat per day, and of yeast 5 per cent These additions to the 
white flour diet caused an increase in the rate of growth of from 10 6 to 116 3 
per cent, or an improvement of 105 7 per cent The same addition to the atta 
diet caused an improvement of 112 7 per cent (from 65 to 177 7 per cent) The 
mipro\ement caused by the addition of butter to the diet of white floui and 
yeast {vide preceding experiment) was trifling (8 4 per cent) , while that caused 
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by the addition of butter to the diet of atta and yeast was considerable (55 9 per 
cent) There was, as previously noted (Experiment II), something m atta 
which assisted in the utilization of fats, this something was deficient in white 
flour, it appears to be vitamin B 

The results of this experiment are shown in Charts 9 and 10 



V The effect of adding tomatoes and green vegetables to the diets of white flour 

and ‘ atta ^ 

Tomatoes and green leafy vegetables (cabbage), both in the raw state, were 
given to the animals ad libitum These additions to the white flour diet caused 
an increase in the rate of growth of from 10 6 to 41 3 per cent, or an improve- 
ment of 30 7 per cent The same additions to the diet of atta caused an increase 
in the rate of growth of from 65 to 68 1 per cent or an improvement of only 
3 1 per cent, nevertheless the diet having atta as its basis was the better of the 
two 

The results of this experiment are shown in Charts 11 and 12 
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VI The (effect of adding tomatoes, greens and bnttci to the diets of white 

flour and ‘ atla ‘ 

Tile raw \cgetablLS were gueu ad libitum, and the butter in the proportion of 
1 25 grammes per rat per daj These additions to the white flour diet caused an 
increase in the rate of growth of from 10 6 to 35 2 per cent, an improvement 
of 24 6 per cent The same additions to the atta diet caused an increase in the 
rate ot growth of from 65 to 85 8 per cent, or an impro\ement of 20 8 per cent 

When tlie results of this experiment are compared with those of the pre 
ceding one, it will be noted that the addition of this amount of butter did not 
impro\e the rate of growth resulting from a diet of wdute flour and vegetables 
but actuallj retarded it The same amount of butter considerably improved the 
rate ot growth resulting from a diet ot atta and vegetables This result again 
points to a deficiency in the white flour diet of something, other than vitamin A, 
which assists in the utih7ation of fats this something is present in whole wheat 
flour, but IS not present to the necessarj extent in the tomatoes and greens used. 
It appears to be vitamin B 

The results of this experiment are shown m Charts 13 and 14 



VII The effect of adding protein to the diets of white flour and ’ atta ’ 

In this experiment 10 per cent of the flours was replaced by ‘ meat residue ’* 
The addition of this amount of protein scarcely improved either diet the white 
flour a.et by 7 per cent and the atta diet by 2 per cent 


fpt residue’ iras made as follows lean meat was freed as far as possible from 

.minced, extracted m water, autoclaved m an alkaline medium at 130°C for li hours dried 
m the sun and ground to a fine powder ’ 
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Fill The effect of adding whole milk to the diets of white flour and ‘ atta ’ 
Whole milk was provided ad libitum The rate of growth on the white 
flour diet was thereby increased from 10 6 to 209 6 per cent, an improvement 
of 199 per cent The rate of growth on the atta diet was thereby increased from 
65 to 220 4 per cent, or an improvement of 155 4 per cent The atta and milk 
diet was thus slightly superior to the white flour and milk diet 
The results are shown m Charts 17 and 18 



It was observed that some of the animals in this experiment consumed from 
10 to 20 c c of whole milk daily, and that the more milk an animal drank the 
less it ate ot the basal diet A numbei of subsidiary experiments under this 
lieading were accordingly earned out, the animals being given measured quan- 
tities, ranging from 1 to 10 c c , of whole milk daily These experiments were 
continued for 54 days 
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(a) The effect of adding 1 c cm of whole milk to the diets of white flour 
find ‘ atta ’ 

This effect is shown in Charts 19 and 20 



The increase in growth on the diet of white flour plus 1 c c of whole milk 
was 32 2 per cent, on the diet of ‘atta* plus 1 c c milk, 81 6 per cent a difference 
in favour of the atta diet of 49 4 per cent 

(&) The effect of adding 2 c c of zvhole milk to the diets of xehite floii- 
and ‘ atta ’ 

This effect is shown in Charts 21 and 22 



The increase m growth on the diet of white flour plus 2 c c of whole milk 
was 49 4 per cent, on the diet of ' atta’ plus 2 c c of milk, 99 9 per cent, a differ- 
ence in favour of the atta diet of 50 5 per cent 

^ 5 c c 0 / zvhole milk to the diets of zvliite flour 
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This effect is shown in Charts 23 and 24 



The increase in growth brought about by this addition to the white flour diet 
was 119 5 per cent, and to the atta diet, 143 1 per cent a difference in favour 
of the atta diet of 23 6 per cent 

(d) The effect of adding 10 c c of whole milk to the diets of white flour 
and ‘ atta ’ 

This effect is shown in Charts 25 and 26 



The increase in growth brought about by this addition to the white flour 
diet was 149 1 per cent, and to the atta diet, 177 2 per cent, a difference m 
favour of the atta diet of 28 1 per cent 

The increase in growth of the control rats fed solely on milk, during the 
same period of 54 days, was 137 3 per cent 

It is thus seen that it is only when whole milk is given ad libitum to grow- 
ing rats, fed on diets of Indian white flour and whole wheat flour {atta), that the 
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growth attaiiiLcl on the forniei diet tends to equal that attained on the latter 
E\en then the olta nnnitains a slight superiority over the white flour This 
supenontj is lost wlicn 5 per cent of dried >east is added to the diets 

IX TJu i-jji.it of adding zchok milk ad lihituiu and 5 pit cent of diicd yeast 
to till, diets of zohitc flout and ‘ alia' 

These additions to the diets made the one as good as the other, if anything 
the white flour diet was the better of the two The inciease in body-weight 
attained with these additions to the white flour diet w'as 244 6 per cent in 54 
da>s, that attained b\ the same additions to the atta diet was 242 1 per cent in 
the same period, a difTcrencc m fa\oiir of the white flour of 2 5 per cent 
This result is shown in Cliarts 27 and 28 



A summaij of the results of these experiments is given in Table II 


Tablb II 

Summary of results of experiments in Series A 


Expen- 

ment 

Supplements 

Aver,\ge percentage increase in 
BODY-WEIGHT ON THE 54TH DAY OF 
EXPERIMENT (SPRING MONTHS) 

White flour 

! Whole wheat 
flour 

I 

Nil 

10-6 

— 

65 0 

II 

Butter (125 grammes per rat daily) 

262 

971 

III 

Dried yeast (S per cent) 

107 9 

1218 

rv 

Butter and dried yeast 

1163 

177 7 

V 

Tomatoes and greens {ad Itbiluin) 

413 

681 


J, UR 


3 
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Tabi,i: II — concld 


Experi- 

ment 

Supplements 

Average percentage increase in 

BODY-WEIGHT ON THE S4TH DAY OF 
EXPERIMENT (spring MONTHS) 

White flour 

1 

Whole wheat 
flour 

VI 

1 Tomatoes, greens and butter 

35-2 

858 

VII 

Meat residue (10 per cent) 

17 5 

67*2 

VIII 

Whole milk (ad libitum) 

209-6 

220-4 


(a) Whole milk ( 1 c c ) 

32-2 

816 


(h) Do ( 2 c c ) 

49*4 

99-9 


(c) Do (See.) 

119-5 

1431 


(d) Do (10 c c ) 

149-1 

1772 

IX 

Whole milk (ad libitum) and dried yeast 

244*6 

242-1 


The conclusions to be drawn from this series of experiments are as 
follows — 

(1) Whole wheat flour (atta) is superior to white flour as the basal article 

of diet 

(2) White flour while markedly deficient in vitamin B, contains appreciable 

amounts of the anti-neuritic fraction (Bj^) of this vitamin 

(3) The deficiency of vitamin B in white flour is more than compensated 

for by the addition of 5 per cent of dried yeast It is estimated that 
the addition of approximately 3 5 per cenr of dried yeast to white 
flour would suffice to make the vitamin-B-value of the mixture equal 
to that of whole wheat flour This is 1 5 per cent more than is used 
in the manufacture of white bread 

(4) An excess of vitamin B in the form of dried yeast, or some component 

or components of dried yeast other than vitamin B, is favourable to 
the growth of young rats fed on a basal diet of either white flour or 
whole wheat flour 

(5) There appears to be something in whole wheat flour which assists in 

the utilization of fats, this something is deficient in white flour It is 
probably vitamin B, acting in association with vitamin A 

(6) The addition of tomatoes and green leafy vegetables (ad libitum) to 

diets of white flour or of whole wheat flour does not make good 
‘ their deficiencies, though it improves the nutritive value of the diets 

(7) ^'he addition of 10 per cent of protein to d'ets of white flour pnd of 

whole tvheat flour improves their nutritive value but little 
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(8) The addition of whole milk to diets of white flour and of whole w'heat 

flour inipro\eb their nutritive value proportionately to the amount of 
milk added 

(9) IMitn whole milk is supplied ad libitum to young rats, together with 

5 per cent of dried jcast, it does not matter whether the basis of the 
diet he white flour or whole wheat flour But m these circumstances 
the mam constituent of the diet is milk, and it is consumed by the 
rats 111 amounts out of all proportion to those available for the average 
human being under modern conditions ot life Even when wdiole 
milk IS consumed m considerable quantities (10 cc per rat per day), 
whole wheat flour maintains its superiority over white flour as the 
staple article of the diet 

PART n. 

White bread versus whole wheat unleavened bread ‘ chapatti ’ 

The white bread used in this part of the investigation was obtained from 
the local baker) It contains approximately 2 per cent of yeast and is made 
from Indian white flour The unleavened bread (chapatti) was made from 
locally grown wheat (i e , wheat grown in the Nilgiri Hills, where Coonoor is 
situated) 

[This wheat is of poor qualit> The soil on which it is grown is poor The crop matures 
rapidl>, sewing takes place carl> in April, harvesting late in June] 

The wheat w’as freshly ground in the laboratory every day After removal 
of the coarser particles of bran, by sifting, the resultant whole wheat flour was 
made no into a dough w ith water and rolled out into thin cakes which were lightly 
cooked, on an iron plate over an open fire, in the way customary in India The 
chapattis, so made, contained neither yeast nor salt 

This series of experiments was carried out during the autumn months, the 
previous series having been carried out in the spring The same experimental 
procedure was followed as m the previous series and the same precautions were 
taken as to the choice of animals and tlie sex-composition of each group The 
experimental period was the same in both series 54 days The results are not 
strictly comparable, since the whole wheat flour used m the first series was of a 
different quality to that used in the second, and young rats grow best in the 
spring months in this locality 


Series B 

I The effect on growth of e\ elusive diets of zvJitte bread and ‘chapattis’ 
The results of this experiment are shown m Charts 29 and 30 
The percentage increase in body-weight of young rats fed on the exclusive 
diet of white bread was 21 2, and of those fed on chapattis, 53 7 a difference 
in favour of the whole wheat chapattis of 32 5 per cent The 2 per cent of yeast 
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used in the making of white bread does not make the vitamin B-content of the 
bread equal to that of whole wheat unleavened bread (cJiapath) 



II The effect of adding vegetable marganne to diets of ivhite bread and 

^ chapattis ■* 

The vegetable margarine was cocogem a hardened fat, made from cocoanut 
oil, widely used in India It was added to the two diets in the proportion of 
1 25 giammes per rat per day 

The results are shown in Charts 31 and 32 



The addition of this amount of cocogem to the diet of white bread inhibited 
the growth of young rats and caused an actual loss of weight amounting on the 
average to 2 4 per cent by the 54th day This loss of weight, compared with 
the retardation of growth induced by the same amount of butter {vide infra), 
appears to indicate not only that the intake of fat was excessive and harmful, 
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but that the decree of haniifulnesb was dependent to some extent on the de^gree 
of defitienc} of Mtamin A in the fat 

The addition of the same amount of cocogem to the diet of chapattis also 
resulted m a retardation ot gronth the percentage increase in body- weight being 
only 12 7 as compared with 53 7 per cent when the animals were fed on chapattis 
alone 

The Ube of this Mtamin \ poor fat in considerable amounts either with white 
bread or with whole-wheat, uiileaaened bread (chapatti) is definitely harmful, 
a diet of white bread and \egetable margarine (cocogem) being particularly so 

III The Lfftct of adding bnttir to the diets of white head and ‘chapattis’ 
The amount of butter added was 1 25 grammes per rat per day a fairly high 
proportion of the total food-intake 

The results of the experiment are showm m Charts 33 and 34 



The addition of this amount of butter to the diet of white bread caused an 
increase m body-weight of only 15 4 per cent by the 54th day or a drop m 
weight of 5 8 per cent w^hen compared with the weight of rats fed on the white 
bread alone The butter was actually harmful 

The same amount of butter when added to the diet of chapattis caused an 
increase in body-weight of 51 7 per cent by the 54th day, or 2 per cent less than 
that of rats fed on chapattis alone Here also the addition of butter was harm- 
ful, but much less so than when the basal diet consisted of white bread 

Clearly, the young animals were not able to deal with this amount of fats, 
but their ability to do so was markedly less when the basal diet was white bread 
than when it w'as whole wheat, unleavened bread 

The rate of growth of the animals in this experiment compared unfavour- 
ably with that of animals m a similar experiment (II) m Series A Three factors 
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may have been concerned in this result seasonal influences on growth , the poorer 
quality of the wheat flour, and a lower content of vitamin A m the butter used 
in this series 

Unfortunately, the experiments did not include one in which dried yeast 
was added to the diets of white bread and of whole wheat bread at the same time 
as the butter or cocogem But from the results of the experiments in the pre- 
vious series, in which 5 per cent of dried yeast was added to the diets of white 
flour and butter and of atta and butter, it may be concluded that an abundant 
provision of vitamin B is, in addition to vitamin A, necessary for the metabolism 
of the amount of fats added to the diets in these experiments {vide previous 
Series II, III, IV and VI) It was not only the lack of vitamin A m the 
vegetable margarine and its insufficiency in the butter but the deficiency of 
vitamin B in the white flour and its insufficiency in the low grade, whole wheat 
flour which was responsible for the harmful effects of butter and cocogem in the 
amounts used in these experiments Even in the better (Punjab) whole wheat 
flour there was not enough vitamin B to compensate for 1 25 grammes of fat 
m the food, for the addition of 5 per cent of dried yeast to a diet of this flour 
and butter caused the body-weight to be nearly doubled m 54 days {cf Charts 
6 and 10), ffius indicating that the vitamin B provided by the yeast aided m the 
utilisation of the fats 

There is at the piesent time considerable controversy as to the supposed 
deleterious effects of an excess of vitamin A in the food , it having been observed 
by Hopkins (8) that an excess of cod-liver oil is harmful to young rats, as indeed, 
It IS harmful to young children The results of the experiments here reported 
appear to indicate that this deleterious effect is due less to an excess of vitamin A 
than to an excess of fats The observation made by Hopkins, (8) that the 
retardation of growth in rats brought about by an excess of cod-liver oil could be 
prevented by administering an excess of vitamin B is possibly to be explained 
not so much by the necessity foi a proper balance of vitamins A and B in the diet 
— though no doubt this is of importance — ^as by the necessity for an abundance 
of both vitamin A and vitamin B for the metabolism of fats 

Some misgiving exists in India as to the greatly increased use of ‘ vegetable 
ghees’ as articles of diet, it may be well, therefore, to state what the merits and 
demerits of these ‘ ghees ’ are Vegetable ghees have a certain culinary and fuel 
value while they possess, when sold in sealed tins, the great advantage of being 
clean, but their lack of vitamin A is a great disadvantage to their use, and for 
this reason alone they must be regarded as harmful when they provide the major 
part of the fats consumed When they are used in considerable quantities in a 
diet deficient in vitamin B, their effects may be still more serious The contem- 
poraneous increase in the use of white bread and ‘ vegetable ghees ' is a grave 
departure from customary usage that cannot fail to have deleterious effects on 

public health 
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IV The effect of adding tomatoes and greens to the diets of ivhite bread and 

‘ chapattis ' 

These \egetables were proMclecl ad libitum the greens being given in the 
Corm of fresh cabbage leaves 

The results of the experiments are shown in Charts 35 and 36 



The addition of raw tomatoes and greens to the white bread diet caused an 
increase in body-weight of 35 1 per cent over that resulting from white bread 
alone (56 3 per cent as compared with 21 2 per cent) The same additions to the 
chapatti diet caused an increase m body-weight of from 53 7 to 68 1 per cent 
an improvement of 14 4 per cent The results of this experiment indicate the 
\alue of an abundant supply of vegetables especially in diets of which the basis 
is white bread 


V The effect of adding tomatoes, greens and vegetable niatganne to the diets 

of white hi cad and " chapattis' 

The vegetables were provided ad libitum, tlie greens being given as cabbage 
leaves The vegetable margarine was given in the form of ‘ cocogem ’ 1 25 

grammes per rat per day 

The results are shown in Charts 37 and 38 


These additions to the diet of white bread caused an increase of body-weight 
amounting to 47 2 per cent after 54 days an improvement of 26 per cent over 
the weight resulting in the same period from the diet of white bread alone, a 
still more marked improvement over that resulting from a diet of white bread 
and cocogem, but a retardation of growth as compared with that resulting from 
a diet of white bread and vegetables without added fats Here again the dele- 
terious effects of the vitamm-A-free fats, in the absence of a sufficiencv of 
vitamin B, are apparent 

The same addition to the chapatti diet caused an increase m body-weight 
amounting to 94 5 per cent, an improvement of 81 8 per cent over that resiiltin- 
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from a diet of chapattis and cocogem, and of 26 4 per cent over that result- 
ing from a diet of chapattis and vegetables It is evident, therefore, that the 



tomatoes and greens provided ‘ something ’ which assisted in the utilization of 
the vegetable fats added to the diet From what has preceded it appears reason- 
able to conclude that this ‘ something ’ was vitamin B acting in association with 
the vitamin A contained in the greens and tomatoes The quantity of these 
factors provided by the vegetables was not adequate when the basis of the diet 
was white biead, it was more adequate when the basis of the diet was whole 
wheat, unleavened bread 

VI The effect of adding tomatoes, greens and butter to the diets of white bread 

and ' chapattis ’ 

The vegetables were provided ad libitum, the greens being given as cabbage 
leaves The butter was given in the proportion of 1 25 grammes per rat per day 
The results are shown in Charts 39 and 40 

These additions to the diet of white bread caused an increase of body-weight 
amounting to 51 7 per cent after 54 days an improvement of 30 5 per cent over 
the weight resulting in the same period fiom the diet of white bread alone, and 
of 36 3 per cent over that resulting from a diet of white bread and butter, but a 
retardation of growth, amounting to 4 6 per cent, when compared with the growth 
resulting from a diet of white bread, tomatoes and greens without butter 

The same additions to the diet of chapattis caused an increase of body-weight 
amounting to 97 3 per cent after 54 days an improvement of 43 6 per cent over 
the weight resulting m the same period from the diet of chapattis alone, of 45 6 
per cent over that resulting from a diet of chapattis and butter, and of 29 2 
per cent over that resulting from a diet of chapattis, tomatoes and greens 

The lesults of this experiment indicate again that an abundant supply of 
vitamin B is necessary for the utilization of the relatnely large amount of butter 
fat added to the two diets A diet of white bread and vegetables ad libitum 
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did not enburi. a sufTicient supply of this factor, where as a diet of whole wheat 
bread (cliapatli) and \e"etables ad Itbttuui ensured a more adequate supply of 



It owing to the higher content of vitamin B in the latter bread Compared with 
the results of the previous experiment m which the same amount of a vegetable 
margarine, containing no vitamin A, was used, the results indicate the beneficial 
effects on growtii of the vitamin A contained in tire butter , though the compara- 
tuely slight differences in the results of the two experiments would appear to 
show that the butter was relatively poor m vitamin A 

VII The effect of adding 10 per cent of protein to the diets of white bread 

and ' chapattis’ 

The protein was added m the form of ‘ meat residue ’ {vide ante) An 
addition of 10 per cent unproved the rate of growth resulting from white bread 
alone by 17 9 per cent , and that resulting trom chapattis alone by 13 2 per cent 
These results are showm in Charts 41 and 42 
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X The effect of adding tomatoes^ greens and mdk to the diet of tvhite hiead 

and ‘ chapattis " 

The tomatoes and greens were provided ad libitum, the milk m the propor- 
tion of 2 0 c c per rat per day 

These additions to the white bread diet caused an increase of body-weight 
which amounted to 92 9 per cent m 54 days , and to 139 6 per cent in the 
same period when made to the diet of chapattis The results are shown in 
Charts 47 and 48 



Tabi,^ III 

Summary of results of experiments in Series B 


Expen- 

inen*’ 


Supplements 


Averagc percentage increase or 

decrease or BODY-WEIGHT ON THE 

S4th d\y op the experiment 
(autumn months) 


I 

II 

III 

IV 
V 

VI 

VII 

VIII 

IX 

X 


Nil 

Vegetable margarine (cocogem) (125 
grammes) 

Butter (125 grammes) 

Tomatoes and greens {ad libitum) 

Tomatoes, greens and vegetable margarine 
Tomatoes, greens and butter 
Meat residue (10 per cent) 

Whole milk (2*5 c c ) 

Whole milk (2*5 cc). vegetable margarine 
(1*25 grammes) 

Tomatoes, greens and milk (2 c c ) 


White bread 


Whole wheat 
chapattis 


+212 

+53 7 

—2*4 

+12-7 

+15 4 

+517 

+563 

+68T 

-j~4/ 2 

+945 

+51 7 

+97 3 

+391 

+66 9 

+712 

+80-5 

+49-2 

+102-1 

+92-9 

+13V6 













Pl^ATK L 



1 — Rat No 431 fed on a diet consisting of -white flour 60 parts, meat residue 20 parts, 
e oil 10 parts, and McCollum’s salt mixture S parts Paralysis appeared m the hind limbs 
the 7Sth day thereafter spreading to the forelimbs Death occurred on the 86th day 

Weight curve shown in Chart 3 



Fur 2— Rat No 1140 fed on a diet consisting of white flour 77 parts, meat residue 10 parts, 
olive oil 8 parts, and McCollum’s salt mixture S parts Paralysis appeared on the 156th day 
Death occurred on the 164th day Weight curve shown in Chart 4 
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The conclusions to be dnwn from thi-i series of experimenls are — 

(1) White bread, containing approximately 2 per cent of yeast, is inferior 

in nutritive value to unleavened bread {chapatti) made from whole 
wheat flour 

(2) The amount of >east used m the manufacture of white bread does not 

sufflee to make good the defieienev of vitamin B m the white flour from 
.vbicb the bread is made^ 

(3) The superiority of whole wheat bread (cluipatti) over white bread as the 

staple artiele of diet is maintained even when the diet is supplemented 
witli an abundance of fresh vegetable foods and 2 cc of whole milk — 
an amount of milk which would correspond to over a pint a day for a 
child of 7 years old 

(4) When fats form a considerable proportion of tbe diet, an abundant 

supplv of vitamin B, as well as of vitamin A, is necessary for their 
utilization A diet having white bread as its basis does not provide 
these factors in amounts sufficient for tins purpose even when it is 
supplemented with a fair amount of whole milk and an abundance 
of fresh vegetable foods, on the other hand, a similarly constituted 
diet having whole wheat bread as its basis, does provide these vitamins 
in sufficient amounts 

(5) Amongst the properties possessed iiy milk which render it unsurpassed 

in excellence as a dietary' constituent for growing rats — or children — 
IS its ability to aid m the utilization of fats 

These results, togethei with those arrived at from a comparative study of 
the two flours (page 680), leave no room for doubt that whole wheat, unleavened 
bread {chapattis) is markedly superior to white bread as the basal article of diet 
Both breads must, however, ke adequately supplemented with the foods so rightly 
designated ‘protective’ by McCollum fresh vegetables and whole milk The 
effects of an insufficiency of these 'protective foods' m the dietary cannot pro- 
perly be held to detract from the great value of whole wheat bread as a basal 
article of diet 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 
(9) 
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[Rccci\e(l for publication, June 24, 1929] 


Stock rats in this laboratory receive a diet consisting of whole wheat flour 
{chapaths), sprouted dlial (pulse), butter, green vegetables ad libitum and a 
liberal supply of whole milk Twice a month they are given a small ration of 
raw meat On this diet they remain in perfect health, are very prolific and the 
death-rate is very low When it is desired to reduce the birth-rate, butter and 
meat are excluded from the dietary and the amount of fresh vegetable food and 
milk IS reduced to a minimum Some time ago it became necessary to reduce 
the birth-rate amongst the stock animals, accordingly, a number of them were 
fed, for a period of 12 months, on a diet consisting of a whole wheat chapattis, 
dhal, and a small daily ration of green vegetables and diluted milk The chief 
fault of this restricted d'^t is its low content of vitamin A, it is also deficient in 
vitamin C and D, and in certain mineral elements Its iodine-content was not 
determined, but as the components of the diet were local products, derived from 
an lodine-nch soil,'*' it may be assumed that iodine was not lacking in them The 
manganese-content of the diet was relatively high 

It occurred to me to examine the thyroid glands of a number of the animals 
fed on this diet, with the object of determining whether or not prolonged insuffi- 
ciency of vitamin A, in association with the other food-faults above mentioned, 
had any effect on this organ For this purpose 23 rats, aged between 18 and 
24 months, were killed and the trachea with the attached thyroid gland removed 
from each No anterior nor lateral enlargement of the thyroid gland was noted 


♦Coonoor is situated at a height of 6,000 feet above sea-level Its soil and that of the 
surrounding country is rich in iodine Endemic goitre is unknotvn, though ‘ thyroid swellings ’ 
(mostly physiological) were found in 24 per cent of girls in a local school 
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but in some animals its lobes were observed to meet behind the trachea The 
tracheae with the attached thyroid glands were serially sectioned, each section 
being 8 y thick An examination of these sections revealed, in a proportion 
of the cases, three abnormal features 

(a) Proliferative changes of varying degrees of intensity in the tracheal 

mucous membrane of 15 of the 23 animals 

(b) Abnormal distension of the follicles of the thyroid gland in 11 of the 

15 cases showing proliferative changes in the tracheal mucous 
membrane 

(c) A backward growth of the posterior borders of the lateral lobes of the 

thyroid gland so that they met behind the trachea This change was 
observed in 5 of the 23 cases, though not always in those presenting 
the most marked degrees of proliferative change in the tracheal 
mucous membrane 

It may here be added that none of these changes have been observed m well- 
fed stock rats, and that endemic goitre does not occur amongst them 

Proliferative Changes in the Tracheal Mucous Membrane. 

Several observers, notably Wolbech and Howe(l and 2) have drawn attention 
to the metaplastic changes occurring m the mucous membrane of the respiratory 
tract as a result of deprivation of vitamin A The changes consist in a transfor- 
mation of the columnar, ciliated epithelium lining the trachea and bronchii into 
stratified, keratinizing epithelium This type of metaplasia is characteristic of 
vitamin A deficiency It is not peculiar to the epithelium of the respiratory tract 
but may involve epithelial structures throughout the body In this laboratory 
It has frequently been observed(3) in rats fed on diets composed mainly of cereal 
products — oatmeal, whole wheat flour and white flour — and having deficiency of 
vitamin A as one of their chief faults In the respiratory passages this type of 
metaplasia may occur alone or m association with proliferative changes m the 
sub-epithelial tissue of the mucous membrane (3) In the animals with which 
the present paper deals keratimzatioii of the tracheal epithelium was occasionally 
observed, but proliferative changes of greater or lesser degrees of intensity domi- 
nated the Histological picture 

The proliferative process — illustrated in Plate LI, fig 1 and Plates LII and 
LIII, figs 3 to 10 — appeared to be the result of a chronic and protracted inflam- 
matory reaction in which mononuclear cells, in greater or lesser numbers, pervaded 
the sub-epithelial layer of the mucosa, polynuclear cells being comparatively rare 
Moderate engorgement of the mucosal vessels was present m some cases but was 
inconspicuous in others, while the glandular elements of the mucous membrane 
showed varying degrees of degenerative change In a few cases, especially those 
m which polypoid projections were marked, distinct evidence of inflammation 
was so inconspicuous that some doubt was felt as to whether the condition was 
not one of hjperplasia of the lymphoid elements of the mucous membrane 
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The process \ariecl in degree and in the extent to which the mucosa was 
affected by it Sometimes it was quite local, and confined to one quadrant of 
the tracliei, or formed a snnll nodule which projected slightly into the tracheal 
lumen (Plate LIT, figs 3 and 4) As a rule the tracheal mucous membrane was 
iinolved in its whole circumference, though not necessarily in its whole longi- 
tudinal extent In some cases the thickening of the mucosa, to which the process 
gave rise, w'as relatively slight (Plate LII, fig 5), while m others the mucous 
membrane was tlirowm into polypoid (Plate LIII, fig 9) or villiform (Plate LIU, 
fig 10) elevations which greatly reduced the lumen of the trachea Between 
these extremes all grades ot proliferative change and resultant thickening of the 
mucous membrane were met with (Plate LII, fig 6 and Plate LIU, figs 7 and 8) 

The thickened mucosa was either wholly or partially denuded of covering 
epithelium, or was covered in a patchy way with one or more layers of keratinizing 
cells Occasionally, in clefts between villiform (Plate LIII, fig 10) or polypoid 
(Plate LIII, fig 9) projections, the columnar character of the epithelium was 
preserved though its cells were degenerated 

In looking at some of these polypoid masses, — which might almost be called 
‘ tracheal adenoids ’ — one is forcibly reminded of the chronic tonsillar hyper- 
trophy aiul hjperplasia of tli^ naso-pharyngeal adenoid tissues (‘adenoids’) so 
frequently found in badly nourished children A process such as that here des- 
cribed, were it to occur m the upper reaches of the respiratory tract, might well 
give rise to, or assist in the production of, these conditions m children It is 
reasonable, therefore, to expect that prolonged subsistence on faulty diets of low 
vitamm-A-content may be a factor in their causation 


Changes m the Thyroid Gland 

These changes consisted m distension of a large proportion of the 
thyroid follicles with colloid material and frequent distortion of their shape, 
secretory activity being present in parts of the gland not affected by follicular 
distension Q 

The normal thyroid gland of healthy, well-fed rats livjng at this altitude 
exhibits a certain uniformity as to the size and shape of its follicles These may 
vary to some extent in different areas of the same resting gland, often being larger 
in Its peripheral than in its more central parts But there is a limit, both as to 
their size and shape, which is not passed under normal conditions of nutrition and 
health Such distension and distortion of the thyroid follicles as were met with 
m a proportion of the rats m this series are definitely abnormal The character 
of this change is best appreciated by a reference to the accompanying figures 
Plate LIV, figs 11 and 12 are sections through the thyroid and trachea at the level 
of the isthmus of the gland the one (Fig 11) shows the normal appearances of 
the thyroid follicles and of the tracheal mucous membrane, the other (Fie 121 

J, 
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shows the abnormally distended follicles and the proliferative changes in the 
tracheal mucosa Similar changes were present in the mam body of the gland 
(Plate lyV, figs 14 to 17) But while distension, and sometimes distoition of the 
follicles, was the most conspicuous feature of the abnormal thyroids, the glandular 
tissue was not given up wholly to colloid storage Thus, m Figs 14 and 15 a 
number of small vesicles are to be seen in which active secretion is proceeding 
side by side with colloid storage m the larger follicles Both phases of the 
thyroid gland’s activity were thus in evidence, though colloid storage was the 
more conspicuous So conspicuous, indeed, was the latter phase in some cases 
(Plate LI, fig 2 and Plate LV, figs 16 and 17) that, had the glands exhibiting 
it been enlarged, a diagnosis of ‘colloid goitie’ would have been justifiable 

It IS remarkable that the thyroids presenting these changes were not always 
enlarged In a few cases there was a backw'ard growdh of the posterior borders 
of the lateral lobes so marked as to cause the trachea to be completely enveloped 
by thyroid tissue (Plate LIV, fig 13) This envelopment is distinctly abnormal 
and indicates that the changes occurring in the thyroid did give rise some animals 
to thyroid enlargement 

The prohfeiative changes in the tracheal mucous membrane, when of marked 
degree, were associated so consistently with distension of the thyroid follicles 
with colloid material as to suggest a cause and effect relationship It cannot, of 
course, be concluded as a result of examining relatively small numbers that 
the degree of follicular distension m the thyioid was dependent on the gravity 
of the proliferative changes in the trachea Nevertheless, there is some outside 
e\idence that this may have been so Blauel and Reich (4) have shown that 
if the trachea of a normal dog be constricted, by the application of a silk ligature, 
the follicles of the thyroid became distended with colloid This observation, 
which appears to have been confirmed by Breitner,(5) may have a bearing on the 
follicular distension observed in the thyroid glands of rats, the lumen of whose 
trachea was narrowed by chronic proliferative changes consequent on faulty 
food containing an insufficiency of vitamin A Breitner(5) has recorded that 
the accumulation of colloid in the dog’s thyroid, which results from surgical 
stricture of the trachea, can be prevented by the administration of iodine 
Whether iodine would have had the same effect on the thyroid glands of rats 
suffering fiom dietetically-induced stricture of the trachea is an interesting 
question 

The purpose of this paper has been to record certain observations with 
regard to the effects of insufficiency of vitamin A, in association with certain 
other food-faults, on the thyroid gland and on the mucous membrane of the 
respiratory tract But it is evident that these observations may be pertinent to 
other matters requiring elucidation Amongst these are the possible relation of 
faulty food containing an insufficiency of vitamin A to chronic hypertrophy of 
the tonsils and to hypeiplasia of the naso-pharyngeal adenoid tissues, and the pos- 
sible relation of insufficiency of vitamin A to iodine metabolism and to colloid 
goitre-formation 
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ExpIvANATION op Pl^TP Ivl 

Section of trachea of rat showing normal appearance of mucous 
membrane low power magnification 
Section of trachea and thyroid of rat showing great thickening of the 
tracheal mucous membrane with polypoid projections into the lumen 
of the wind-pipe, suggesting adenoid growths Note the distension 
and distortion of the thyroid follicles suggesting ‘colloid goitre’ 
formation The thyroid gland was not, however, obviously enlarged 
magnification as in Fig 1 







Explanation oif Platl Eli 

iMg 3 Section of trachea showing small aiea of ronnd-cellecl infiltration 
forming node projecting slightly into the tiacheal lumen Note loss 
of cohirrnai epithelium over node and normal appearance of ciliated, 
columnar epithelium in other parts of the trachea Evidence of 
inflammatory reaction wanting Magnification as in Figs 4 to 12 
and 14 to 17 

„ 4 Section showing tracheal mucous membiane small node composed of 
mononuclear cells in upper part of section, epithelium thrown into 
small vilhform projections in lower part, engorgment of vessels and 
evidence of low grade inflammatory process 

„ 5 Mucous membrane of trachea showing moderate degree of thickening 
mononuclear-celled infiltration , moderate engorgment of vessels , 
complete absence of cdiated columnar epithelium, evidence m places 
of its conversion into keratinized epithelium, low grade chronic 
inflammatory process 

„ 6 Mucous membrane of trachea chronic inflammatory and proliferative 

changes as in Fig 5, but causing greater thickening of mucosa 
Remnants of keratinized epithelium are to be seen covering the 
thickened mucosa in places 
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Expi,anation o:P Pirate PHI 

Figs 7, 8 and 9 Mucous membrane of trachea from three different cases 
showing inci easing grades of intensity of the proliferative changes 
described in text Note polypoid projections into tracheal lumen m 
Figs 8 and 9 In these cases evidence of inflammatory reaction 
was scanty 

Fig 10 Mucous membrane of tiachea showing villiform projection into the 
tracheal lumen an appearance seen in only 2 of the 15 cases present- 
ing these prohfeiative changes The lemaming 13 cases presented 
the appearances seen in Figs 3 to 9 
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Fig 9 


Fig 10 



Explanation of Plate EIV 

F'g 11 Section through the normal trachea at level of the thyroid isthmus 
Note normal thickness of the tracheal mucosa, ciliated columnar 
epithelium covering it and normal distribution of lymphoid cells in 
the sub-epithelial tissues of the mucosa, note also normal appearance 
of the thyroid follicles for compaiison with succeeding figures 
„ 12 Section through trachea at level of the thyroid isthmus showing 
chronic inflammatory and proliferative changes m the mucous mem- 
brane, loss of ciliated columnar epithelium Note also the dilated 
follicles of the thyroid isthmus 

„ 13 Eow power view of thyioid and trachea of rat showing trachea enve- 
loped by backward and inward growth of lateral lobes of the thyroid 
gland In this case the tracheal mucous membrane was not markedly 
diseased 
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ThC Plague ENpert Committee of the Health Organization of the League 
of Nations, which met at Calcutta m December 1927, gave as one of their pro- 
posals for future study, ‘Investigation of the comparative epidemiological role 
of the various species of fleas m plague transmission m selected areas of India ’ 
Expenmenlal work in this direction has therefore been carried out m Bombay 
during 1928-29, with the non-pectinate rat-fleas found locally, viz, Xcnopsylla 
cheopis, X astia and X brasihcnsis 

The results reported are by no means conclusive, but in view of the fact tint 
enquiries of this nature are necessarily prolonged and liable to interruption, it 
has seemed desirable to issue a progress report Details of the methods adopted 
may be of interest to other workers on the subject and criticism will be welcomed 

The analysis of the existing knowledge of the parasitology of plague by 
Hirst of Colombo (1) has been found an invaluable guide, and it is not proposed 
to give detailed references to the literature 

Fdea Breeding 

To avoid the necessity of prolonged search of rats in order to obtain a 
sufficient number of fleas when lequired for transmission experiments, it was 
decided to make use of laboratory-bred fleas The use of clean fleas also eliminates 
the risk of introducing to the experiments fleas which are already plague-infected 
The following method of breeding fleas has given satisfactory results, and man} 
families of the three species have now been raised 

The single transmission cage of the type used by the Indian Plague Commis- 
sion IS sterilized, and a layer of sterilized godown sweepings, consisting chiefly 
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Experimental rvork m this direction has therefore been carried out in Bombay 
during 1928-29, with the non-pectinate rat-fleas found locally, viz, XcuopsyUa 
clicopis, X astia and X brastheiists 

The results reported are by no means conclusive, but in view of the fact that 
enquiries of this nature are necessarily prolonged and liable to interruption, it 
has seemed desirable to issue a progress report Details of the methods adopted 
may be of interest to other workers on the subject and criticism will be welcomed 
The analysis of the existing knowledge of the parasitology of plague by 
Hirst of Colombo(l) has been found an invaluable guide, and it is not proposed 
to give detailed references to the literature 

Flea BREEWirG 

To avoid the necessity of prolonged search of rats m order to obtain a 
sufficient number of fleas when required for transmission experiments, it was 
decided to make use of laboratory-bred fleas The use of clean fleas also eliminates 
the risk of introducing to the experiments fleas which are already plague-infected 
The following method of breeding fleas has given satisfactory results, and man) 
families of the three species have now been raised 

The single transimssion cage of the type used by the Indian Plague Commis- 
sion IS sterilized, and a layer of sterilized godown sweepings, consisting chiefly 
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Rat-Fleas and Transmission of Plague. 


of rat-dung and vegetable refuse, is spread on the inner tray Two white mice 
kept in the inner cage are fed daily on sterilized food A number of fleas of 
the required species is added to the cage, say twenty males and twenty females. 
The fleas feed on the mice and lay their eggs chiefly in the litter After ten days 
the litter is collected and stored in a cylindrical glass media jar (9 inches by 
6 inches) with an aluminium cover Young fleas may be found in the jar after 
about two weeks, and they continue to emerge from the litter for a furtlier two 
or three weeks When required for experimental purposes the young fleas are 
easily captured singly in test tubes, and can be sorted out into males and females 
with the aid of. a hand lens As neither the spermatheca of the female nor the 
curved rods of the sexual apparatus of the male are fully chitinized in the new- 
born flea, it has been found easier to distinguish the sexes by the presence of the 
dorsal groove on the head of the male, and its absence in the female By 
preparing a family of each species once a fortnight, a constant supply of the 
required fleas, m moderate numbers, has been available 

The Mixed Feea Experiment 

The experiments of Tayloi and CJiitre, carried out in this laboratory some 
yeais ago, have been criticized on the grounds that cheopis was apparently a more 
efficient transmitter between guinea-pigs than between rats, whereas transmission® 
with astia were more frequent between rats than between guinea-pigs, a dis- 
crepancy for which there is no apparent reason Hirst suggests that the variable 
factor, not taken into account, was the degree of septiciemia in the animals used, 
and, he advises, that to compare the efficiency of different fleas as transmitters, 
they should be infected on the same septicaemic animal It is desirable to ascertain 
the extent to which the blocking phenomenon occurs in different fleas, and 
the only proof of blockage is found in the behaviour of the flea when applied to 
feed under observation The following method of experiment was adopted — 

The single transmission cage is sterilized, and a Madras lat, inoculated 
cutaneously with the spleen of a known plague rat is introduced to the inner cage 
Thirty-six fleas, six female and six male, cheopis, astia and btasihensts are added 
to the cage When the rat is found dead, the cage is emptied into a large glass 
bowl, and the surviving fleas are collected The rat is examined, and if it shows 
well-marked signs of plague, the fleas are identified by Taylor’s pipette method, 
and are kept individually in labelled tubes 

The technique of feeding the fleas is much the same as that described by 
Hirst A rat is immobilized with the closely clipped belly uppermost it is 
covered with a piece of copper gauze, lined externally with surgical lint, leaving 
a circular aperture! about 2 inches m diameter over the clipped part of the rat 
Thq copper gauze is secured to the platform by means of drawing pins, in such 
a way that the edges of the aperture fit snugly to the skin of the rat White 
surgical lint, woolly side uppermost, surrounds the field of observation This 
has proved less troublesome than a cotton-wool sheet, and it is an easy matter to 
capture escaping fleas The feeding area is illuminated by an electric microscope 
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lamp with a focubing attachment, and a flask of watci is interposed to intercept 
the heat ra^ s An entomoloijical microscope on an extending arm can be swung 
o\er the rat when required One rat is used for each gioup of fleas, le, six 

rats in all Hacli flea in turn is applied by inverting the test tube over the 

exposed part ot the rat If the flea has not attempted to feed, it is removed 

at the end of two minutes Occasionally the flea can be induced to bite by 

shading the field Ideas wlneli apply their biting parts are observed by swinging 
the microscope across If the process of feeding cannot be readily seen, a 
dilTercnt aspect may be viewed liy rotating the platlorm on which the rat is fixed 
Ihe behaMour of each flea is noted The siireiving fleas are generally applied 
on three siiccessne dajs, each group to the same rat as before 

Ihe rats are subsequentl) kept in cages until they die or until the expiry of 
three weeks when the> are killed In either case the rats arc carefully examined 
for signs of plague 

Fourteen of these experiments have been completed several were abandoned 
because the inoculated rat did not show good signs of acute plague A total 
of 529 fleas w'as emplojed, of whicli 438 were recovered These w'ere offered a 
total of 1,206 feeds, of which 767 were accepted In two cases the rats died of 
acute plague, and in both of these the fleas fed on the rats had been male 
brasiliensis One rat, which had been used for female clicopts fleas, survived 
for three w'eeks, but showed well-marked signs of resolved plague when examined 
post-mortem Susceptible Madras rats, free of ectoparasites, have been used 
throughout 

Details of an experiment are given in Table I it happens to be the only one 
in w'hich the fleas w'ere fed for four successne days the consolidated figures are 
shown m Table II 


TablS I 


Details of a mixed flea experiment 


Number of experi- 
ment 

Dste of infection 
and death ‘ A ' 
rat 

Original number 

Flfas 

Total feeds 

Death of ‘ B ’ rat 

B ’ rat killed 

Signs of plague 
‘ B ’ rat 

1 

ti 

c/2 

en 

o 

D 

C/2 

Number recovered 

Number of days 
fed 

Offered 

Accepted 



6 

Female 

X cheap IS 

n 

■ 

24 

1 

13 


28-l-’9 
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6 

Male 

X clieopis 



24 
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Female 

X astta 
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Rat-Fleas and Transmission of Plague. 


Tabi,^ II 

Total flea figmes for fourteen experiments 


Species of 
flea 

Sex 

Original 

total 

Total fed 

Total num- 
ber feeds 
offered 

Total num- 
ber feeds 
accepted 

Percent- 
age of 
feeds 
accepted 

Success- 
ful trans- 
missions 

X cheopts 

Female 

88 

75 

201 

102 

1 

51 

1 

X cheopts 

Male 

89 

80 

224 

151 

67 


X astta 

Female 

87 

70 

188 

120 

1 64 

1 

X astia 

Male 

88 

60 

172 

145 

84 

1 

X brasi- 
liensts 

Female 

89 

78 

214 

100 

47 


X brasi- 
Itensis 

Male 

88 

1 75 

207 

149 

72 

2 


This method of investigation is laborious m the extreme and it is obvious 
that no conclusion can be drawn for the results so far available As a result 
of approximately 250 feeds by each species, there resulted two transmissions with 
brasiliensis, one with cheopis and none with astia The successful transmissions 
with hrasihensis are of interest, and this species deserves more attention than it 
has, so far, received, considering that it forms a considerable proportion of the 
rat-flea population m Southern India, eg, Cragg’s figure for brasiliensis in 
Belgaum was 55 per cent 

lu the case of the three successful transmissions, none of the fleas employed 
had been recognized as blocked and all appeared to draw blood In some cases 
there was a delay before blood entered the stomach None of these fleas defsecateJ 
m the course of the meal In several of the negative experiments, defiecation 
was noted during the feed Temporary blocking was also diagnosed on several 
occasions in the course of the negative experiments, i e , the flea was seen to 
suck vigorously for some time before the dark proventnculus cleared suddenly, 
and filled with red blood 

In connection with these mixed flea experiments, some observations regarding 
the extent to which the various fleas can harbour the plague bacillus were 
carried out At the end of each of the first six experiments the fleas were 
dissected and the stomach contents smeared out, stained and examined, and plague- 
like bacilli were seen m the majority, including representatives of all groups of 
fleas In Experiment 7, smears showed fifteen out of twenty-four to contain 
plague-like bacilli Samples for culture were taken from the same twenty-four 
and plague bacilli were grown from every one of them 

This finding has been repeated several times , a large proportion of fleas of 
the three species leaving a septicasmic animal and feeding in the interval still 
harbour plague bacilli after several days Examination of smears of the stomach 
contents will demonstrate only a certain number of the infected fleas Thus, .n 
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E\pcriiiKnt 15, out of twenty-two fleas examined, four showed plague-hke bacilli 
in smears, whereas nine of the cuIUirc-> were positive, in Experiment 16, out of 
tw Lilt) -four tkas examined, fourteen w'erc plague infected according to the 
smears, hut twentj-one on culture 

It would appear that the sex of the flea is a factor in plague transmission 
Hirst’s transmittiig fleas were all females In a series of experiments reported 
hj Go\le,(2l the transmissions were brought about by males During the present 
studies, transmissions have been noted under dififerent conditions with cheopishoth 
males and females, astta females, and brasiltcitsts males It may be that a larger 
senes of experiments under any one set of conditions would abolish the apparent 
difference in the value of males and females as transmitters 

\s lahoratorv-bred fleas have been used in these experiments, the question 
has arisen whether the ‘ wildncss ’ of the flea could have any effect on the trans- 
mitting power Strickland and Swcllengrebe!(3) found that the transmission of 
Trxpanosouta hxvist was not so successful with laboratory-bred fleas, and they 
quote another example m the transmission of T gambtciise and the ‘ wildness ’ of 
tsetse flies Laborator>-bred fleas can convey plague, but there is not sufficient 
evidence as to whether the power to transmit is greater or lesser than in the case 
of wild fleas 


Tiic Pit Experiment 

This method of investigation was designed to demonstrate to what extent 
X chi opts and X astta, respectively, can carry on a plague epizootic, among 
highly susceptible rats under optimum conditions m Bombay In view of the 
impossibilit)' of maintaining a pure flea population m godowns, it was decided 
to make use of flea-proof pits to represent godowns A rat-proof pukka-built 
room with a flea-proof floor of glazed tiles was made use of for the purpose 
As It was necessary to know the height to which a rat can jump, and as the 
information was not available, a preliminary experiment was carried out Rats 
were kept in the room, and the only food provided was on a ledge, the height of 
which could be varied After a period of some weeks, it was decided that wild 
Bombay Rat tits rattus can jump to a ledge 25 inches high but not to 26 inches 
Two pits were then constructed in the room In each case a brick wall three 
feet high and one foot thick enclosed a circular pit six feet across The inner 
surface and the top of the wall were finished with smooth cement 

The pits were prepared for occupation by flaming the walls and floor with a 
painter’s blow -lamp The top of the wall was smeared with a resinous compound 
such as that used to coat fly papers, and this effectually prevented the entry or 
exit of fleas To prevent the resm from trickling down the inner surface a 
rim of plasticine on the inner edge was found effective Sterilized godovvn 
sweepings and straw were scattered over the floor of the pits Cover for the 
rats consisted of a hdless box with the ends knocked out, and inverted to form a 
tunnel six inches high, in the centre of the pit 
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It ^va5 arranged that tre gram gi\en as food to the rats shonM be stenhzed 
before use and that tne ration of green tegetab’e should bo pi't in a cubical wire 
cage, measunng six inches which was to be dipped in boiling water for half i 
minute to kill any unwanted parasites or egg? All rat? added to the pits were 
freed of ectoparasites b\ the petrol method, and were sub?equentlv kept in 
suspended cages for ten dats so that onh surtnors from the petrol treatment were 
used Owing to an unexpectedh large number of casnaltie?, i ?horter period 
than ten daas was sometimes allowed Later on, hand-picking ot tie is, aided In 
the use of spirits of camphor, which has been found the mo^t n?etnl ot repellants, 
was resorted to The fleas added were all laborator\ bred, and rat^ imported 
trom ^Madras were used throughout The earh histori of the pit? is explained 
m Table III 


Tablb in 


Date 

X cluopis Pit 

X (ului Pit 

3-1-29 

12 healthj' Madras rats introduced 

12 healtln Madras nts nitrodiiLid 

17-1-29 

40 X cluopis added, 20 nnks, 

40 Y (k/|(» added, 20 males, 


20 females 

20 females 

28-1-29 

Do 

Do 

30-1-29 

20 X chcopts added, 10 males, 

20 \ aflui .added, 10 males, 10 


10 females 

females. 

26-2-29 

One guinea-pig introduced 

One giimea-pig introduced 

27-2-29 

Guinea-pig removed and searched 

Gumca-pig removed and stauhed for 


for fleas, 5 males, 5 females, all 

fleas, 40 males, 21 females, all 


X chcopts found 

-Y astia, found 

3-3-29 

Inoculated rat introduced (' A ’ rat) 

Inoeulatcd rat introdiieed (' A ' lat) 

5-3-29 

‘A’ rat dead of plague, smears 
showed scanty plague bacilli 

• 

6-3-29 

‘A’ rat de.ad of plague, numerous 
bacilli in smears 

10-3-29 


First umnoculated rat dead of plague 

17-3-29 

Inoculated rat introduced (2nd ‘ A ’ 
rat) 

2nd ‘A’ rat dead of plague, very 
scanty bacilli in smears and none 
in heart-blood 

• • • 

18-3-29 


20-3-29 

Inoculated rat introduced (3rd ' A ’ 
rat) 

3rd ‘A’ rat dead of plague, scanty 
bacilli in heart-blood 


21-3-29 


25-3-29 

Four uninoculated rats dead of 

• 


plague 



l^ote — ^The ' A ’ rats were introduced on the day followiiiff their inoculation 


Casualties in the pits were removed once a day and replaced by healthy rats 
The dead rats were carefully examined for pathological signs of plague, and 
smears of heart-blood and spleen were examined m all cases The results are 
shown in Table IV Each rat added was given a reference number and marked for 
identification by a series of linear clips m the hair on either side of the 




Tablc IV 

Wiclly iccord of casualties iii cxpcnmcnial plague pits ui Bombay 
CHCOPIS PIT A ASriA PIT 
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Hat-Fleas and Ti ansmission of Plague 

The very large mortality from causes other than plague is of interest it 
began on 4th April in the asha pit, and about a week later in the cheopis pit, and 
was associated in both cases with an enormous increase in the flea population, the 
rats apparently being worried to death before signs of plague-had time to appear 
At that period many rats survived only one day, and the majority died within two 
days From 15th April an oily puhcide was used, and by judicious spraying of 
both pits on several occasions, a large reduction in the number of fleas was effected 
The result was that the rats survived for another day or two and showed good 
signs of plague The difference between the figures for the weeks ending 20th 
April and 27th April corresponds to the reduction in the flea population The 
number of fleas did not again become excessive, but remained much higher than 
would ever occur in nature 

The flea population has remained remarkably pure- between 3rd and 10th 
April, out of 844 fleas examined from the astta pit, there were found six 
X cheopis At all other times there has been no contamination detected and many 
hundreds of fleas from each pit have been examined 

Hirst has pointed) out that it is adrisable to test the power of continuous 
transmission of the different fleas, but notes that m the tropics such a method is 
attended by ‘ very grave difficulties ’ owing to the danger of infestation with 
Tyroglyphidce and other unwanted parasites The pit experiment appears to get 
over these difficulties, and to have proved that, as Hirst suggests, given highly 
susceptible animals, a virulent strain of plague and many fleas, both astia and 
cheopis will be found to be successful transmitters of plague The results, how- 
evei, were scarcely anticipated under the conditions indicated by the temperature 
and humidity figures 

To arrive at the relative efficiency of the two is a much more difficult 
problem' An attempt was made to get an idea of the numerical value as trans- 
mitters of the pit fleas, by removing samples of fleas, discarding those which had 
not had a meal, and adding batches of each sex to Madias rats in transmission 
cages The results of these experiments are shown m Table V 


Tabi,i: V 

Transmission experiments with fleas from epizootic pits 


Date 

1 

Number of 
experiment 


Numb£r or 

FLEAS USED 


Number of 
days before 
death of 
rat from 
plague 

X cheopis 
female 

X cheopis 
male 

X astta 
female 

X astia 
male 

■ 

31-3-29 

1 

6 



20 



J> 

7 




20 

1 

51 

1 8 

20 

1 



9 

it 

9 


20 



12 

1 
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NuMnftt or 

riVAS USID 


Number of 
days before 

Date 

Number of 
experiment 

X ffito/iii 
fcnule 

A chiol>ts 
male 

X aslia 
female 

A' asita 
male 

death of 

rat from 

plague 

4-1-29 

10 



SO 



t* 

11 



30 



7-4-29 

12 



72 




13 




26 


8-4-29 

14 



52 



»> 

15 




so 


2S-4-29 




50 


13 

») 

104 




SO 


ti 

105 

50 





'■ 

106 


50 




26-4-29 

107 



100 


5 

(* 

lOS 




100 


It 

109 

100 




4 

1* 

110 


100 




7-5-29 

111 



SO - 



» 

112 




SO 


tt 

113 

SO 




6 

» 

114 


50 




9-5-29 

115 



50 


7 

>9 

116 




SO 


It 

117 

50 




7 

S> 

118 


50 





The figures appear to indicate that the females were more capable trans- 
mitters than the males, but they do not quite justify comparison between the two 
species 

The pits have latterly been used for the supply of plague-infected fleas 
Samples of these are examined individually in the capillary tube, and those which 
'how any evidence of plague growth m the proventnculus and oesophagus are 
selected for further study So far, the results are disappointing No completely 
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Rat-Fleas and T ) ansmission of Plague 


blocked flea has been seen Several moribund fleas had a dense clot m the 
oesophagus, but as they were not able to feed they could not transmit Smears of 
these fleas showed ver> large numbers of plague bacilli Many fleas showed some 
degree of obstruction, but this cleared with vigorous sucking These observations 
a’'e being continued 


Rat-FlEas Fed on Human Beood 

Adult fleas of the three species can feed on human blood and can be kept 
alive for many days on this diet only It has been stated (4) that hrasiliensu does 
not readily feed on human blood, but this requires qualification Raboratory- 
bred fleas have been fed daily on the fore-arm of a European (W J W ) and 
some remarkable instances of longevity have resulted Some of the results are 
shown m Table VI 


Table VI 

Rat-fleas fed from bath on human blood only 


p 

Number of 
experiment 

Date of 
birth of 
flea 

1 

Species 

Sex 

1 

Length of 
life in 
days 

Feeds 

offered 

Feeds 

accepted 

B22 

4-9-28 

X cheopis 

Female 

162 

136 

42 

B23 

5-9-28 

X cheopts 

Male 

63 

S3 

28 

B34 

18-10-28 

X asita 

Female 

S3 

47 

13 

B42 

5-11-28 

X brasilieitsts 

Female 

127 

57 

1 

31 

B33 

18-10-28 

X hrasilieiisis 

Male 

68 

60 

29 


Note — ^The figures referring to the feeding of No B42 apply to the last 
60 days only, as the flea was not isolated from other females until then 

No male astui has been kept alive on human blood for more than a few 
days, although many fed readily 
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Summary 

(1) A simple method of raising families of laboratory-bred rat-fleas is 

described „ , c 

(2) Details are given of two improved experiments to allow of comparison or 

the efficiency as plague transmitters of different rat-fleas One method deals with 
the artificial epizootic, the other with individual infected fleas 
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(3) Both ihiopis and a^lm ha\e been found capable of keeping up epizootic 
plague under \ery faaourable experimental conditions m the Bombay hot weather 

(4) buceessful transmission hy A' b)a(ihLiisis is recorded 

(5) \ note on the longe\ity of fleas fed entirely on human blood is appended 
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DARJEKLING TEAS 
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PRCI,IMINARIES 

The tea leaves (Chinese, cha) employed as a beverage consist of the 
prepared leaves or leaf buds of various species of Thea, such as Thea sinensis, 
TJica bohea, Thea vindis, Thea assaniica and allied species belonging to the genus 
Cautelha Usually a piece consisting of the bud and two or three leaves below 
it IS nipped off from the top of each shoot, the quality of the leaf drops off 
rapidly as ve get further away from the bud Tea is manufactured by subject- 
ing the leaves successively to the processes of withering, rolling, fermenting and 
drying or firing The mixture of leaves is next sorted into various grades 
The mixture is first put through a sieve of 13 or 14-mesh and the tea which falls 
goes by the name of ‘ Broken Orange Pekoe ’ and is composed of fine broken 
leaf and ‘ tip ’ , the spill goes through a second sieve of 11 or 12-mesh and the 
leaf which falls is composed largely of the first leaf of the shoot and called 
‘ Orange Pekoe ’ , the spill is next passed through a breaking machine and again 
sifted through a mechanical sorter, and the coarse grade resulting from the second 
leaf IS known as ‘ Pekoe ’ , ‘ Pekoe Souchong ’ is obtained from a mixture of the 
second and third leaves There are also other grades such as ‘ Flowery Orange 
Pekoe ’ (formed by the unopened tip or bud), ‘ Fannings ’ (composed of the very 
small and light fragments of tea) and ‘ Dust ’ (i e , extremely fine portions got 
out by sieving through a fine mesh sieve) Afterwards each grade is ‘gaped’ 
to the requisite moisture-content (about 6 per cent) so as to allow the leaf to 
mellow and, at the same time, to prevent the tea from becoming mouldy 
J iiR ( 711 ) 5 
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Darjeeling Teas 


Ultimately, it is packed in air-tight cases (i e , in lead-lined close-fitting wooden 
boxes) in order to retain the flavour and aroma, as tea is susceptible to moisture 
Tea, as sold, is almost universally blended by mixing several definite kinds of 
tea with the object of securing a standard quality and flavour 

Next to water, tea is the beverage most widely in use throughout the world. 
The quality of the infusion from a certain variety of tea depends mainly upon 
four factors — 

(1) Quantity — The general rule is ‘one teaspoonfiil for each person and 

one for the pot,’ but the popular taste is for a stronger beverage 

(2) Soft water, i e , water containing very little calcium and magnesium 

salts in solution extracts more from the tea than hard water 

(3) In order to get a brisk cup of tea the water should just be brought to 

the boil'; water which has been boiling for a long time tastes flat 
owing to the escape of dissolved gases 

(4) The longer tea is infused, the higher is the proportion of tannic acid 

dissolved out; consequently, the water should not be allowed to infuse 
for more than five minutes 

So far as the constituents of a cup of tea are concerned, the total amount of 
solid matter extracted in a S-minute infusion is about 20 per cent (i e , practically 
half of the total amount of solid matter which can be extracted) of the original 
weight of tea taken In other words, when two spoonfuls (roughly 5 grammes) 
of tea are used to get one cupful of the liquor (averaging 8 ozs ) and 5 minutes 
allowed for extraction, the solid matter amounts to about 15 grains and consists 
of flavour-producing substances (essential oil, etc ), caffeine, tannin, fats and 
protein mattqi^, gummy substances (pectin, pectoses, etc ), certain parts of the 
mineral matter (tlie leading constituents of which are potash and phosphoric acid), 
etc The colour of the infusion is due to substances grouped under the names 
of ‘ tannin red ’ and ‘ tannin brown ’ 

The method of using tea differs much in different countries The usual 
method is to take tea with milk and sugar to taste, the addition of milk is to be 
commended on hygienic grounds, as the albuminous matter of milk throws down 
some of the tannic acid of tea in an insoluble form, sugar (however small) adds 
to its nutritive value In Russia, tea is drunk ‘ with a liberal addition of sugar 
and flavouring of lemon ’ In Morocco and generally throughout North America, 
the liquor is ‘ almost saturated with sugar and strongly flavoured with mint ’ 
‘ Some of the peoples of Eastern Europe take their tea with an admixture of rum ’ 
The Tibetan drinks tea ‘ which is really a soup or broth made by boiling tea 
leaves with rancid butter and balls of dough and adding a little salt and strain- 
ing’ ‘In China and Japan tea is generally drunk without any other qualifying 
or flavouring addition ’ 

In tea infusion the most important ingredients upon which depend both the 
physiological action and the commercial value of tea are essential oil, caffeine 
and tannin. 
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(1) Essential oil is one of the chief factors in determining the flavour, but 

Its ciuantity is remarkahlv stnall (about 0 5 per cent) even in the most 
flcUoury teas ‘ It has Iilcii shown to contain acetone, methyl alcohol, 
and methyl salicylate which are factors in producing the aroma, but 
the substance responsible for the characteristic odour of tea has not 
been discos ered’ The volatile oil ‘appears to act as a cerebral and 
cardiac stimulant’, the unpleasant effects (headache, giddiness, etc) 
afflicting those who indulge in large quantities of tea arc attributed 
to it 

(2) Caffeine is the principal stimulating material from which tea obtains 

Its most valued properties This alkaloid satisfies some craving of the 
human system It is a stimulant to the nervous system and acts on 
the heart also in small doses as a tonic, in excessive or too frequent 
doses It makes its action irregular and weak and tends to nervous 
depression 

(3) Tannin causes pungency, and when changed by fermentation, gives 

colour to the infusion of tea But tannin in the infusion is the un- 
desirable part of tea owing to its astringent properties, espeaally m 
large doses it impairs digestion and impedes the action of the bowels 

‘ The effect of the use of tea upon health has been much discussed The 
product, if carefully converted into a beverage and used m moderation, should 
be harmless to all normal human beings ' and ‘ offers a nervine stimulant at a 
time when the brain is jaded with work ' Even in health the evil effects (e g , 
insomnia, giddiness, heart trouble, nervousness, indigestion, etc ) are evident when 
tea IS taken m excess or when it is improperly prepared The irritating action 
on the stomach is least ‘ when the stomach is neither quite empty nor too full, 
but contains a moderate amount of easily digested food — a state of things which 
IS pretty well true at “ afternoon tea ” ’ 


Speciality oe Darjeeling Teas 

The quality of tea from any area is dependent upon the combined effect of 
several factors such as climatic conditions, special character of soil and manuring, 
type of bush grown, kind of pruning, method of plucking and system of manufac- 
ture Even when other things are equal, climate and sod vary widely from 
district to district and conditions under which tea is manufactured are different 
m every factory As a result, the quality vanes at different places, and at one 
and the same place at different times of the year Teas produced at the end of 
September are the finest and well known for the Autumn flavour 

The Darjeeling tea gardens are situated within the Terai (a low-Iymg strip 
stretching along the base of the hills), on the lower hill slopes and higher hills 
rising to 7,000 feet or over in elevation The interior of the district is 'a con- 
fused labyrinth of ridges and valleys,’ varying in elevation and aspect In 
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Dai peeling Teas 


connection with the climate of the hills it should be noted that the higher we go 
the colder and rarer the air becomes, and its absolute humidity decreases Owing 
to the physical configuiation, the rainfall varies greatly in different parts The 
aspect influences the subsidiary factors such as sunshine, etc At Darjeeling, 
however, the skv is more or less clouded during the greatei part of the year 
The soil in the Terai ' is composed of alluvium, a light sandy loam being most 
common ’ ‘ In the hills the greater portion of the underlying rock consists of 

what is known as Sikkim gneiss The constituents of the gneiss occur in vary- 
ing proportions, and the soil varies in the same relation ’ The medium and 
‘ high-grown ’ teas, particularly the latter, are distinctly better than those produced 
at lower elevations and famous for the peculiarly fine, much-sought-after flavour 
which IS attributed mostly to particular climatic conditions, and partly to the 
peculiar character of the particular soils as well Elevation has a great deal to 
do V ith the production of flavour ‘The finest teas aie produced at high eleva- 
tions in Darjeeling and Ceylon ’ Increase in flavour is due to formation m greater 
quantity of the substances yielding aroma and very possibly related to lowering 
of the temperature during growth Dr Harold H Mann, d sc , late of the 
Indian Tea Association, put forward the theory — ‘ Let there be any slightly un- 
favourable conditions, such as the attack of the green fly, cold weather insuffi- 
cient to stop growth altogether, or the like, and the reserves, if I may so speak 
of the plant, are called up in defence These reserves, in part, consist in a larger 
secretion of essential oil, and hence a flavoury tea is produced ’ Flavour depends 
not only on the leaf (which varies in composition as they are plucked from the 
bushes at different elevations and in different parts of the district) but also on 
chemical changes (influenced by atmospheric conditions, notably temperature and 
humidity) taking place during the process of fermentation Flavour-producing 
substances are however so very minute that no analytical work has so far been 
earned out 

Besides the question of flavour, the chief ingredients of tea are caffeine and 
tannin, and the mam object m undertaking the work on ‘ Darjeeling teas ’ has been 
to determine the actual amounts of these two substances (as obtained under tea- 
drinking conditions) in the ‘ medium grown ’ and ‘ high grown ’ teas of this area 
All available grades of tea from ten gardens in different parts of the district and 
at different heights were examined As the strength of the liquor varies with 
individual taste, the amounts of caffeine and tannin extracted in tea-taster’s infusion 
have been determined Taster’s infusion is made in the following manner — Four 
lots each of three grammes of tea are separately extracted for 5 minutes 
with 120 c c of water which has just boiled , the liquor is drained off through a 
funnel containing a little glass wool and the combined liquor from the four lots 
IS diluted up to 500 c c This 500 c c of the liquor contains, therefore, the caffeine, 
tannin, and other soluble matter extracted from 12 grammes of tea Taster’s 
infusion has been made with dried tea (i e , tea dried to a constant weight at 
100° C ) using Darjeeling water which is peculiarly soft, m fact almost like 
distilled water (total hardness varying from 0 5 — 1 0 parts per 100,000) and 
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the pcrcentagcb 
Table — 


of calTtine and tannin extracted 
Tabu I 


are shown in the following 


(llu rcwlts arc expressed as pxrecatagcs of dry tea) 


♦ D Ite of 



1 Per cent 

. Caffeine 

Per cent Tannin 

Name of 

Grade 

' (N X 

3 464) 

(Gallotanmc acid) 

cxaniiin- 

Garden 

latlock A Tlioni- 

Loncntlial-Proctor 

tion 


son’s Process 

Method 

Janinry 

IIapi)> Vallej 

rioiverj Orange Pekoe 

170 

1 

1 

3 30 


1927 

IVa CstatL 

(E O P) 

Orange Pekoe (0 P) 

164 


3 12 




Broken Orange Pekoe 



3 30 1 




(B 0 P) 

Brol ell Pekoe (B P ) 

168 


j 

2 60 1 




Orange Pekoe Dust 
(O P Dust) 

\\crage 

2*06 

i 

18 

, 4 30 1 

! 

1 

35 



Aeerage excluding dust 


1 67 


3 1 

Do 

Rangncct Tea 

O P 

139 


320 i 



Estate 

Pekoe 

1 58 ! 


3 12 1 




Pekoe mixture 

:04 


4 50 




Ground Pekoe 
\\crage 

1 66 

167 

2 94 

34 

February 

Ging Tea Es- 

BOP 

152 


277 


1927 

tatc 

0 P 

1 78 


296 



Pekoe 

202 


5-04 




B P 

2*0 


4 85 




Pekoe Souchong 

163 


4 42 



j 

Broken Tea 

Average 

2 16 

1 

19 

5 20 

44 

S-6-27 

Badamtam Tea 

TOP 

1*90 


4 33 



Estate 

0 P 

198 


624 




Pekoe 

214 


5 02 




Souchong 

2*12 


5-20 




Dust 

Ascrage 

2*30 

22 

5 89 

1 S3 



Average excluding dust! 


20 


52 

3-7-27 

Lopchu Tea 

FOP i 

188 


3 81 



Estate 

0 P 

1 70 


3 81 




BOP 

2'29 


4 16 




Pekoe 

196 


4 33 




Pekoe Fanning 1 

156 


416 




Pekoe Souchong ' 

172 


4 68 




Dust 

Average 

206 

1*9 

4 85 

43 



Average excluding dust 


1-9 

1 

1 

42 

12-7-27 

Gielle 

FOP 

O P 

14 

16 


1 

23 

23 




BOP 

As erage 

18 

16 

1 33 

26 

i 


♦All the samples for examination 


were received during January and February 1927 
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connection with the climate of the hills it should be noted that the higher we go 
the coldei and rarer the air becomes, and its absolute humidity decreases Owing 
to the physical configuiation, the rainfall varies greatly in different parts The 
aspect influences the subsidiary factors such as sunshine, etc At Darjeeling, 
however, the sky is more or less clouded during the greater part of the year 
The soil in the Terai ‘ is composed of alluvium, a light sandy loam being most 
common ’ ‘ In the hills the greater portion of the underlying rock consists of 

what IS known as Sikkim gneiss The constituents of the gneiss occur in vary- 
ing proportions, and the soil varies in the same relation ’ The medium and 
‘high-giown’ teas, particularly the latter, are distinctly better than those produced 
at lower elevations and famous for the peculiarly fine, much-sought-after flavour 
which IS attributed mostly to paiticular climatic conditions, and partly to the 
peculiar character of the particular soils as well Elevation has a great deal to 
do with the production of flavour ' The finest teas are produced at high eleva- 
tions in Darjeeling and Ceylon ’ Increase m flavour is due to formation in greater 
quantity of the substances yielding aroma and very possibly related to lowering 
of the temperature during growth Dr Harold H Mann, d sc , late of the 
Indian Tea Association, put forward the theory — ‘ Let there be any slightly un- 
favourable conditions, such as the attack of the green fly, cold weather insuffi- 
cient to stop growth altogether, or the like, and the reserves, if I may so speak 
of the plant, are called up in defence These reserves, m part, consist in a larger 
secretion of essential oil, and hence a flavoury tea is produced ' Flavour depends 
not only on the leaf (which varies in composition as they are plucked from the 
bushes at different elevations and in different parts of the distiict) but also on 
chemical changes (influenced by atmospheric conditions, notably temperature and 
humidity) taking j>lace during the process of fermentation Flavour-producing 
substances are however so very minute that no analytical work has so far been 
carr’ed out 

Besides the question of flavour, the chief ingredients of tea are caffeine and 
tannin, and the mam object in undertaking the work on ‘ Darjeeling teas ’ has been 
to determine the actual amounts of these two substances (as obtained under tea- 
drinking conditions) in the ‘medium grown ’ and ‘high giown ’ teas of this area 
All available grades of tea from ten gardens in different parts of the district and 
at different heights were examined As the strength of the liquor varies with 
individual taste, the amounts of caffeine and tannin extracted in tea-taster’s infusion 
have been determined Taster’s infusion is made in the following manner — Four 
lots each of three grammes of tea are separately extracted for 5 minutes 
with 120 c c of water which has just boded , the liquor is drained off through a 
funnel containing a little glass wool and the combined liquor from the four lots 
IS diluted up to 500 c c This 500 c c of the liquor contains, therefore, the caffeine, 
tannin, and other soluble matter extracted from 12 grammes of tea Taster’s 
infusion has been made with dried tea (i e , tea dried to a constant weight at 
100° C ) using Darjeeling water which is peculiarly soft, m fact almost like 
distilled water (total hardness varying from 0 5 — 1 0 parts per 100,000) and 
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The following Tables show what may be expected from other teas — 

♦Table II 

(The analyses were made on the taster’s tnfasion and the figures represent 
pctccutagcs of the leaf used ) 



t 

Number of 
anal> ses 

Per cent. Caffeine 

1 

1 Per cent, Tannm 

Dooars tea. 

2 

2-69— 3-01 

467—5 57 

Assam tea (B 0 P ) 


2-72— 3-01 

470—580 

Assam tea 

9 

1*22-495 

515-681 

Assam tea 

9 


5 13—10*15 


♦The figures were supplied by Mr C J Harrison, Chemist of the Indian Tea Association 

Table HI 



Per cent, Caffeine 
(total) 

Per cent, Tannm 
(total) 

(a) Chinese tea 

2*15—3 50 

7 30-10-90 

(a) Ceylon tea 

1 93—3 60 

10 10-1400 

1 

(a) Japanese tea 

2-22— 2*81 

1429—15 08 

(a) Indian tea 

1*95— 3*45 

13 30—15 00 

(b) Indian tea 

1 8(>-3-30 

1 

13-04— 18*86 

(c) Ceylon tea (6 samples) 


6T2— 11 71 

(c) Assam tea (6 samples) 


11 12—12-53 

(d) Assam tea (25 samples) 


666—1511 

Darjeelmg tea (48 samples) 

1 76—3*10 

423—1172 


(o) ‘The Chemical Analysis of Foods’ — E Cox 
(6) ‘Food Inspection and Analysis’ — A E Leach 

(c) ‘Tea m Ceylon'— C JR. Harler Indian Tea Association Quarterly Journal, 

Part IV, 1924 

(d) The figures ivere supplied by Mr C J Harrison, Chemist of the Indian Tea 

Assoaation 

The important facts derived from the analyses of Darjeeling teas are the 
relatively low caffeine and tannin contents, particularly the latter On referring 
to Table I, it will be seen that 1 39—2 3 grammes of caffeine and 2 3—6 24 
grammes of tanmn are extracted from 100 grammes of dried tea Assuming 
the moisture-content to be 6 per cent (which is always aimed at in order that 
the tea may keep best), 1 3—2 2 grammes of caffeine and 2 2—5 9 grammes of 



718 


Datjeehitff Teas 


tannin are extracted from 100 grammes of undned tea, or 0 157 — 0 26 grammes 
of caffeine and 0 26 — 0 7 grammes of tannin are extracted from 12 grammes of 
tea m 500 cc, le, m taster’s 5-mmute infusion, or 0 07 — 0 117 gramme of 
caffeine and 0 117 — 0 315 grammes of tannin are extracted in 225 cc from 
5 4 grammes of tea after infusing for 5 minutes In other words, when tea is 
infused for 5 minutes with boiling water and the strength of the liquor corres- 
ponds approximately with that obtained in taster’s infusion (roughly 2 spoonfuls 
for every 8 oz ), a cupful of tea (averaging 8 oz ) contains 1 — If grains of 
caffeine and If — 5 grains of tannin, the average amounts being 1-^ grams of 
caffeine and 3 grains of tannin, as compared with approximately If grams and 
4 grams respectively obtained by using, under similar conditions, some of the best 
blended teas in the market, namely Lipton’s ancl Brooke Bond tea These 
(Darjeeling) teas are therefore well adapted for drinking alone 

So far as the effect of climate on the tannin-content is concerned, it may be 
stated that ‘ a combination of weather conditions, such as high humidity and hot, 
fairly sunny days, which induces sudden rapid growth, at the same time lowers 
the tannin content of the leaf and also the total soluble solid content Cool 
weather, during which growth is slowed up, results m an increase in tannin 
content and general improvement in quality, although, if as often happens, these 
conditions are accompanied by cloudy skies, the effect of the shade is to lower 
the tannin content ’ ‘ In dull, overcast weather teas lacking in pungency are 
produced ’ — The Manufacture of Tea in North-East India — P H Carpenter and 
C J Harrison 


C0NCI,USI0N 

The chemistry of tea has not yet reached the art of the taster The quality 
of a sample of tea and its commercial value can only with accuracy be determined 
by tasting by an experienced palate, i e , by a skilled tea taster The taster values 
a tea on appearance of leaf (both before and after it is infused) as well as on 
the liquor Flavoui, colour, pungency, briskness, strength are all desirable 
characteristics of the liquor Pungency denotes the astringency due to the pre- 
sence of tannin Briskness is an impression of ‘ liveliness ’ as opposed to flat- 
ness, a rough measure of briskness is given by the total tannin Total soluble 
solids including tannin give a rough measure of ‘ strength,’ the gummy substances 
increasing the thickness of the liquor 

So far as tasting by the palate is concerned, the teas containing the most 
tannin usually have the greatest value, unless possessed of less flavour, and a tea 
may be highly valued in consequence of its outstanding flavour 
Generally speaking, in the language of the tea taster, 

Darjeeling teas are brisk and give light liquor, they do not possess the 
stiength of the average Dooars or Assam teas, but have characteristic flavour, 
Assam teas possess pungency but little flavour, 

Dooars teas — are noted for strength. 
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Chinese — tei-i Inck in lioch and arc devoid of any marked astringency, but 
Iia\e delicate fla\oiir, 

Ihe high countrs teas at Ceylon — are noted for their flavour, although the 
liquors are light 

In North-East India the highcbt prices naturally go to teas from Darjeeling 
the district par cniIhncL where flaeoury teas are turned out Usually the 
characteristic flavour of Darjeeling teas eoiistitutes their main attraction The 
relati\ely low tannin-contcnt is also a speeiahty of these teas from hygienic points 
of Mew Darjeeling teas compare very favourably with the Chinese teas wdiich 
are well known for being rclati\el> poor with respect to tannin and are often 
prescribed in the case of constipated persons instead of the more astringent 
aancties In fact, some gardens produce leas which are perhaps least astringent 
(le, of the lowest tannin-content), and preterence should be given to these teas, 
if tea IS taken at all, in cases where the digestion is enfeebled, and even then they 
should be infused for as short a time as possible, and the infusion detannated to 
some extent by using iniltc 

Jily thanks are due to Dr D A. Farquharson, M b c m , d p H , etc , Medical 
Officer of Health, Darjeeling Municipality, for valuable assistance m carrying on 
the w’ork 
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The Water-Content of Heatt Muscle in Ben-Ben 


opening- the body Any blood in the heait was brushed away with damp cotton- 
wool and the heart quickly weighed to the nearest centigram A piece was then 
cut off from the ventriculai muscle (avoiding the band of obvious cedema which 
often showed between the auiicles and the ventiicles) and dropped into a tared, 
stoppered, weighing bottle and weighed at once to the nearest milligram The 
time from opening the body to putting the sample of heait muscle in the weighing 
bottle was 3 d* 1 minutes 

The sample of ventriculai muscle aftei weighing was covered with absolute 
alcohol, and after a short soaking cut with scissors into small pieces not more than 
1 mm cube m size The scissois and foiceps weie washed into the weighing 
bottle with more absolute alcohol making about 5 c c in all The muscle was left 
in the alcohol till next morning and the alcohol then evaporated off in a water oven 
at about 90 °C Fresh alcoliol was then poured on, and 24 hours later this again 
evaporated The muscle was then dried duiing the next four days foi a total of 
18 hours in an air oven at 100°C to 105°C duiing the day, and in a vacuum desic- 
cator over a calcium chloiide during the night Weighings weie made after 3 
houis, 13 hours, and 18 houis drying in the oven, the weighing always being done 
in the mornings after a night in the vacuum desiccator After 13 hours m the 
air oven, the loss of weight was veiy small and the mean of the weighings after 
13 and 18 houis was taken for the final weight 

Controls of the method 

Control analyses using normal pigeons not included m the Batches I and III 
gave the following results — 

(1) Duplicate analyses, using two or more slices from the same heart, agieed, 

always to within 2 mg in the final weighings and generally to within 
1 mg As the pieces of heart muscle taken for analysis weighed from 
1 to 2 grammes, the eiror in the percentage of watei found was always 
less than 0 2 per cent in duplicate analyses 

(2) The difference in the water-content of diffeient regions of the same 

ventricles is within the experimental eiror 

(3) The effect of variations in the time between opening the body of the 

pigeon and weighing the sample of ventricular muscle, up to 10 minutes, 
IS negligible 

As many of the deficiently fed pigeons died in the night and lay dead for 
varying and unknown periods before coming to post-mortem examination, the 
control pigeons also were allowed to he for varying periods aftei being killed 
before their hearts were taken out, to see if this affected the water-content of their 
heart muscle In 13 birds the heart was taken out at once, i e , within 10 minutes 
of death, in 12 birds half an hour was allowed before opening them, in 10 birds 
4 hours, and in 13 birds 6 hours The results aie shown m Table I It will be 
noticed that although the mean water-content of the ventricular muscle rises as the 
time after death increases, the differences are too small to be statistically 
significant 
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T\ni<U I 

Sho-a'inq the cffict of post-mo)tim iluiiujts on the zvatcr-contenl of the heart 

untsch 



1 'Inn MtO\I l>h \TII to HI MO\ M 01- 

IHI HI ART 

All controls 

i 

10 minutes 

II ilf an 
hour 

4 liouri 

j 6 hours 

Niimlicr 

n 

12 

10 

13 

48 

Mlhi hodi -ncioilit at 

2S9 

101 

118 

290 

298 

death 






Mian wall r content of 

7a CS 

7011 

7613 

76 45 

76 16 

aentricular nn^^eIc 




1 


Standard diMation 


OdO 

0 47 

0-47 


Standard error of the 


0 12 

0-15 

0 13 


inein 







Table II 


Shoioing the gcncial )esult<; of the ci pertinents 



CO'TIIOIS 1 

DnituNTiv ted 

1>1GE0^S 


St 










Diff 

8-3 

Statistic 



All 

Batch 

Batch 

Batch^ 

Batch 

MI 

error 

of 

diff 



II 

IV 

V 

1 

VI 



1 

1 

2 

3 

1 

5 

6 

7 

8 

9 


Diet 

Mi\ed grains 

Rice plus 
dal 

Rice plus 
ragi 




Numbers 



48 1 

mm 

24 

24 

24 

92 



Mean length of life m I 


1 


36 0 

37 1 

517 

49 8 

44 0 



days 1 

Standard deiiation 



1 

114 

8-3 

21 5 

12 9 




!Mean original bod)- 

291 

310 

301 

291 

319 

270 

286 

?.0? 1 

—9 

48 

weight 

Standard deviation 

27 

1 22 

26 

27 

27 

12 

20 , 

29 1 



Mean final body-i\ eight 

289 

307 

298 1 

175 

172 1 

178 

170 

174 

—124 

40 

Standard deviation 

21 

22 

23 ' 

20 

19 ' 

24 

21 ' 

21 

Mean heart-weight 

3 23' 

3-35 

3-29 

2 34 

2 26! 

231 

2 16 

97' 

—1 02 

0-09 

Standard deviation 

0 5l| 

0-44 

0-48 

0 59 

0 45 

0-52 

0 41 

0-50 

Alean ratio heart- 


10 8 

11 0 

7 8 

7 1 

85 

77 

78 

—3-2 

0 31 

weight /original body- 
weight X 10’ 

1 “ I 










Standard deviation 

20 1 

! 14 

17 

19 

1 2 

1 8 ! 

1 6 

] 7 



Mean water content of 


76 2 

762 

79 0 

79 3 

78 7 

79-4 

79-1 

4-2 9 

020 

ventricular muscle 

76 2 1 






Standard deviation 

Qr7 

0 5 

06 

19 

18 

18 

14 

18 

1 




Results 


The complete data for all the pigeons are given in the Appendix, and for 
convenience certain statistics have been calculated from them and are’ given ,n 
Table II ^ 
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The Watei -Content of Eemt Muscle m Beri-Beri. 


Length of life 

The control pigeons (Batches I and III) all remained healthy and were killed 
at various periods from 17 to 53 days from the beginning of the experiment 

Amongst the deficiently fed birds, four (in Batch II) refused to eat and died 
of pure starvation shortly after being put on the diet These have been excluded 
from the calculations The remaining birds survived for various periods up to 
81 days The average length of life in the different batches is shown in Table III 


Tabi,e hi 

Shotmng the average length of life in the batches of deficiently fed pigeons 



1 

LENGTH 

OF LIFE 

IN DAYS 


Batch 

Addition to basal 
' diet 

Mean 

R \NCfc, 

Standard 

deviation 



Lowest 

Highest 


II 

1 RS gr dal 

36 0 

21 

60 

114 

IV 

37*1 

26 

62 

8*3 

II and IV 


'366 

21 

I 62 

9*7 

V 


517 

19 

81 

21*5 

VI 

1 2 grs ragi 

49*8 

27 

79 

12’9 

V and VI 


50-8 

19 

81 

178 


Body-weights 

X ' e mean weights of the various batches as the experiment progressed is 
m in Table IV 

Tabli: IV 

^ loss of hody-iveight in the deficiently fed pigeons as the experiment 
1 to 2 g progressed 

less than 0 ^ iitt 


SURVIVORS 


(3) 




lb 

As many 
/arying and ui 
;ontroI pigeons 
before their heart 
aeart muscle In 
^ death, m 12 bn 
Airs, and m 13 
i that althoug 
■■ter death 




/ 


/i 


^AirU IV 

1 the I 

[ Batch V 

Batch VI 

leol' 

Nos 

Wt 

i Nos 

Wt 

ons diev ^ 

24 

270 

24 

286 

>mg to . 

24 

276 

24 

272 

s 

2» 

251 

24 

267 


)0 

228 

24 

250 

■ hi/ 

18 

213 

23 

232 

I 

16 

218 

21 

222 


15 

1 217 

17 

216 


4 

! 207 

12 

205 


I 

204 

8 

; 188 

V 

1 

198 

3 

168 



195 

1 

155 


'i 

170 

1 

ISO 
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Symptoms 

Symptoms of polyneuritis were generally observed before death but not in- 
variably, and more commonly amongst those pigeons receiving an addition of dal 
than amongst those receiving an addition of ragi Most of the deficiently fed 
pigeons died m the night so that the symptoms of polyneuritis, if of but short 
duration, may have frequently escaped observation 

Htart-xveights 

As the heart-ii eight in pigeons depends on, and is closely correlated with, the 
body-weight, the ratio of the heart-weight to tiie original body-weight, multiplied 


Dngram I 
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A comparison between tbe statistics calculated foi normal pigeons, pigeons 
suffering from polyneuritis columbarum and pigeons suffering from beri-beri 
columbarum is given m Table V 


Tabi,^ V 


Showing a comparison betiveen the nonnal, polynemitis and the beii-beii pigeons 


Statistic 

Nonnal 

Polyneuritis 

colum- 

barum 

Ben-ben 

colum- 

barum 

Significance 

Numbers 

48 

84 

8 


Mean length of life in days 


44 

43 

Not significant 

Mean original body-weights 

301 

293 

275 

Not significant 

Mean final body-weight 

298 

176 

198 

Probably signifi- 
cant 

Mean heart-weight 

3 29 

1 

2*18 

3 16 

Significant 

Iilean ratio of heart-weight to 
original body-weight X 10’ 

110 

7'4 

115 

Significant 

Mean water-content of heart 
muscle per cent 

762 

79-2 

77 7 

Probably signifi- 
cant 


In the last column are given the statistical significances of the differences 
between the figures for the polyneuiitis and beii-beri pigeons 

Summary 

The effect of a ben-ben diet on the heart of pigeons are — 

(1) In the majority of the birds, a diminution in the size of the heart and an 

increase in the water-content of the heart muscle (polyneuritis colum- 
barum and staivation) 

(2) In a minority of the birds, an increase in the size of the heait, and some 

increase in the water-content of the heart muscle (beri-ben colum- 
barum) This increase is, however, certainly not greater than, and 
probably less than, in other pigeons, suffering from the effects of the 
diet 

(3) The large heart of ben-ben columbarum is not to be explained by water- 

retention 
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\PPENDIX 

In the following tables the complete data are given for all the 140 pigeons 
used m these experiments, with the exception of the average body-weights of the 
survivors These have already been given in Table IV for the deficiently fed 
pigeons The control pigeons maintained their original body-weights, within small 
vanations 


Batch I 

Coutiol pigeons on a diet of nined grains 
Experiment started 25lli Septcnibci , 1928 


Day of the 
experiment 

Original bodj- 
\\ eight 

Final bod\- 
w eight 

Heart-weight 

Water-content of 
heart muscle 

29 

300 

295 

4 23 

768 

29 

220 

270 

2-97 

76 9 

29 

320 

305 

2*40 

761 

29 

290 

285 

2-85 

75 6 

34 

320 

300 

2-90 

759 

34 

28S 

275 

2*95 

749 

36 

1 260 

250 

2*70 

74 6 

36 

1 280 

270 

Z56 

75 4 

38 

26S 

300 

2-69 

75 8 

38 

26S 

295 

T-Sl 

75-3 

39 

315 

305 

2-75 

76 6 

39 

315 

305 

3 37 

76 7 

39 

325 

300 

3*28 

767 

42 

290 1 

310 

3 20 

75 4 

42 

315 

310 

318 

764 

43 

315 

275 

3 69 

76 9 

43 

300 

300 

3 86 

769 

so 

300 

275 

3-71 

766 

SO 

300 

300 

2 89 

75 9 

S2 

250 

250 

3-90 

760 

52 

280 

280 

3 94 

762 

52 

255 

250 

3 49 

76 6 

S3 

325 

330 

4 06 

77-1 

S3 

290 

300 

327 

76 4 
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Batch II 

Diet milled rice ad lib plus 0 8 gramme dal per pigeon per day 
Experiment started 25th September, 1928 


Day of the 
expenment 

Original body- 
weight 

Final body- 
weight 

' 

I 

Heart-weight 

Water-content of 
heart muscle 

21 

320 

180 

179 

78 5 

21 

280 

195 

2-39 

76 9 

22 

300 

185 

2-94 

79*2 

24 

300 

220 

2*34 

75 8 

27 

315 

175 

2*30 

78*3 

28 

265 

205 

3 20 

762 

31 

290 

155 

1*85 

814 

32 

315 

185 

2*91 

78 6 

32 

315 

185 

2*20 

79*0 

32 

320 

180 

2*32 

78 8 

35 

280 

165 

1*86 

78*3 

36 

325 

180 

2*66 

80*8 

38 

315 

175 

2*07 

75*1 

41 

285 

165 

2 22 

783 

42 

300 

145 

1*84 

81*6 

42 

290 

150 

149 

80-2 

49 

260 

155 

192 

80*2 

49 

290 

140 

1*86 

819 

58 \ 

325 

190 

4 08 

80*1 

60 

\ 300 

175 

2*55 

80*4 
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Batch III 


Control pigeons on a diet of mixed grams 
Experiment started 20th November, 1928 


Da> of the 
expenment 

Original ho(l>- 
w eight 

Final body- 
weight 

1 

Heart-weight 

Water-content of 
heart muscle 

17 

300 

295 

t 3-68 

77 0 

17 

310 

290 

j 3 60 

765 

44 ' 

335 

325 

1 3-24 

764 

44 

305 

320 

1 

! 3 55 

1 

75 8 

44 

280 

270 

! 

2-77 

765 

44 ; 

! 

275 

320 

315 

75 4 

44 j 

285 

275 

3 05 

766 

44 

325 

295 

256 

75 6 

45 

290 

285 

282 

75 8 

45 

335 

310 

1 

2*92 

763 

45 

320 

310 

3 50 

75 7 

45 

300 

310 

3-58 

763 

45 

305 

300 

1 

3 08 

76 5 

45 

285 

290 1 

3 02 

764 

51 

315 

345 

3-84 

76 3 

51 

295 

270 

2 38 

761 

51 

300 

320 

415 

1 

i 758 

51 

310 

290 

3 38 

75 7 

51 

330 

315 

3 77 

771 

51 

330 

325 

3 65 

75 9 

52 

305 

315 

3-83 

762 

52 

305 

325 

3 50 

75 6 

52 

375 

360 

3*85 

75 8 

52 

315 

315 

3 48 

768 
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Batch IV 

Diet milled rice ad hb plus 0 8 gramme dal per pigeon per day 
F.vpenment started oOth October, 1928 
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Bvtch V 

Diit ttulkd ricc ncl hb pins 2 g)ai)t))ics ^agi per pigeon per day 
Experiment startid 18th Ftbiuary, 1929 


Da> of the 
experiment 

Ongiml bod>- 
w eight 

rural hod\- 
\\ eight 

Ileart-ueight 

Water-content of 
heart muscle 

19 

285 

225 

331 

77 0 

21 

280 

195 

2 50 

80-2 

21 

275 

195 

2-45 

1 

79-4 

24 

270 

183 

2-57 

78-4 

26 

290 

185 

i :89 

j 

78-4 

27 

260 

195 

1 >77 

76 5 

31 

270 

165 

2-06 

76 3 

34 ' 

1 

265 

155 

182 

78-9 

40 

253 

155 

1-95 

79-7 

46 

230 

160 

168 

75 8 

51 

290 

150 

162 

78-7 

52 

260 

240 

3-09 

75 3 

55 

280 

170 

1 

198 

• 79*6 

57 

270 

200 

2-71 

79-3 

62 

260 

160 

?48 

79 5 

68 

283 

175 

2 63 

816 

68 

280 

180 

2-11 

79-6 

72 

273 

200 

3 28 

192 

74 

270 

180 

2-43 

79-5 

76 

250 

160 

195 

779 

77 

280 

165 

163 

79-7 

79 

233 

145 

163 

827 

81 

233 

145 

180 

784 

81 

270 

175 

1-99 

77 6 
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Batch VI 


Diet milled rice ad lib plus 2 gi amines ragi per pigeon per day 
Eipei nnent slatted 2nd Match, 1929 


Day of the 
experiment 

Original body- 
weight 

Final body- 
weight 

Heart-weight 

Water-content of 
heart muscle 

27 

275 

205 

3 00 

77*4 

29 

270 

155 

197 

77 7 

34 

270 

175 

2*23 

79*0 

36 

285 

175 

2*43 

79-9 

36 

295 

150 

213 

78-9 

i 

38 

285 

175 

2-52 


40 

285 

190 

2-26 

78*1 

43 

290 

195 

199 

78 5 

45 

330 

195 

1-99 

79*1 

46 

260 

155 

2-11 

79*7 

47 

315 

200 

2-48 

815 

1 

47 I 

280 

200 

2-79 

79*0 

54 

270 

160 

2*34 

79-2 

54 

305 

210 

2-59 

79*8 

54 

285 

160 

153 

778 

56 

! 295 

1 

165 

1 

177 

78 0 

57 

270 

155 

1*40 

77*7 

58 

270 

160 

175 

79-6 

59 

250 

125 

1 

2-55 

80-2 

62 

305 

175 

158 

82-6 

63 

275 

150 

179 

79*2 

66 

320 

150 

2*53 

815 

66 

315 

160 

169 

810 

79 

"^60 

150 

2*45 

81*1 







A SCHEAIE FOR THE ANALYSTS OP SMALL URINARY 

CALCULI 


BY 

M\jok CLIVE NEWCOMB, dm, ?ic, ims, 

A ittj iltotial Risiarch, 1 R P J CoDnoor, S hnlta 

[Receded for publication June 25, 1929] 

In the course of the investigations into the composition of vesical calculi 
in India in progress in this laboratory, the need was felt for a scheme of analysis 
which would be applicable to very small stones, as some of the liuman stones 
and all the stones which occurred m rats were too small for analysis by usual 
methods 

The scheme detailed in this paper was devised and tested first against pure 
substances and then against small quantities of stones of winch enough was avail- 
able for the usual macro methods The results on the micro scale are m general 
not so accurate as wdieii enough stone is available for the usual macro methods — 
as is to be expected — but accurate enough for a comparison of the composition 
of stones from different parts of India The results on this micro scheme of 
analysis are generally within 1 per cent of the results of the macro methods 

pRINCIPtE 

The stone or stones are powdered and dried Of the dry powder part is 
wet ashed as for a Kjeldahl determination and the ash dissolved m normal sul- 
phuric acid Portions of this solution are then taken for the determination of 
phosphates, total nitrogen, calcium and magnesium Fresh portions of the dry 
powder are taken for the determinations of oxalates and carbonates (if present), 
and for qualitative tests for unc acid (if nitrogen is low), cystem, creatinine, 
and any other substances which are suspected to be present A complete analysis 
can be made with 30 milligrams of stone, but three times this amount is better 
if available 


Detail 

1 Sampling —l^he whole of the stone or stones are powdered in an agate 
pestle and mortar “ 
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A Scheme foi Analysis of tit inary Calculi 


The procedure is, therefore, different according as more than a trace of phos- 
phates are present or not 

If no, or only a little, phosphate is present, 5 cc of the stone solution are 
measured into a 50 c c flask and roughly 30 c c of water added The solution 
IS then nearly neutralized by the addition of 4 cc of normal sodium hydroxide, 
2 c c of Nessler’s solution added and the whole made up to bulk The colour is 
read against a standard ammonium sulphate solution with like quantities of 
reagents 

The colour, if deep, is best read in a colorimeter, but, if faint, m Nessler 
glasses 

If phosphates are present in any considerable quantity, ten cc of the stone 
solution are made alkaline with sodium hydroxide, the solution allowed to stand 
for a little while to give the precipitate of phosphates time to form and the whole 
then centrifuged Of the clear supernatant liquid, 5 c c are taken and the nitrogen 
in this determined as before 

The following controls {vide Table II) were made of this method of deter- 
mining the total nitrogen, using stones in which the total nitrogen had also been 
done by an ordinary macro-Kjeldahl’s method, with distillation of the ammonia 
into a standard acid and back titration of the acid used — 


Tabpe II 


Stone number 

Percentage op nitrogen found 

Difference 

1 Macro 

Micro 

120 

218 

22-0 

+02 

58 

301 

307 i 

+06 

100 

26 6 

28 4 

+18 

103 

29*4 

29-0 

—0*4 

121 

2-1 

2-2 

+01 

130 

08 

Trace 


39 

318 

30-7 

—1 1 

82 

12*3 

11*3 

—10 

79 

17-9 

17 9 

0 

157 

32 

3*3 

+01 

28 j 

32*9 

319 

1 

+10 

Average difference 

+057 


Calcnmi deterwinahon 

The determination of calcium as phosphate as recommended by Bnggs(l) 
was first tried but in our hands did not give satisfactory results The following 
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muthocl wis uloptccl — ten cc ol tlio stone solution are measiirecl into a test 
tube, ten drops of saturated aininonium oxahte solution added, and one drop of 
nietlnl red Strong annnonia is then added, drop b) drop, till the colour 
changes to %ello\\, and then \ei\ dilute aeetie acid, diop by drop, till the colour 
cliaiiges to Iirouii (pll 5 3) Tlie tube is heated in a water-bath, cooled and 
allowed to stand till next daj, and then the precipitated ealeium oxalate filtered 
ott through a Whatinann No W paper The precipitate is washed carefully with 
water containing a few drops of ammonia, not more than about 10 c c of wash 
water being used Ibis is sufficient to get nd of prictically all the excess of 
immonium oxalate if the washing is done with care, using a dropping pipette 
Ihe filtrate and washings are preserved for the subsequent magnesium deter- 
mination (q v) The ealeium oxalate is then dis-,ohed in normal sulphuric 
acid and tne filter paper washed, again using about 10 e c The solution is then 
warmed and titrated with N/lOO permanganate solution using a micro burette 
which can be read to 1/lOOths ofacc flee of N/lOO permanganate — 0 28 
mgs of CaO) Each time a set of determinations is done, it is necessary to do 
a blank experiment m which normal sulphuric acid is used instead of the solu- 
tion to be analjsed This is treated exactl} as the others and the filtrate and 
washings preserved to provide a blank for the subsequent magnesium determina- 
tion (q V ) The amount of permanganate required for this blank is then 
deducted from the amounts for the solution to be analysed For example, the 
following determinations (vide Talile III) were made using a solution of calcium 
carbonate which contained 0 67 milligram of CaO per cc as estimated by a 
similar method on the macro scale — 


Table III 


Calcium taken as mg 
of CaO 

PFRMAXGA'JATE required 

Milligrams of CaO 
found 

Actual 

Less blank 

0 

0-24 

0 


0*33 

134 

1 10 

031 

0-67 

2*49 

2-25 

0 63 

100 

3 75 

3 51 

0-98 

And m another senes 




0 

0-14 

0 

0 

0-33 

127 

123 

0-34 

0-67 

2-36 

2-22 

0 r 62 

1-00 

3 67 

3 53 

0-99 
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A Scheme foi Analysis of Unnaty Calculi 


The presence of phosphates seemed to affect the size of the blank, as is shown 
in the following experiments (vide Table IV), m which varying amounts of 
potassium phosphate solution containing 1 mg of P 2 O 5 per c c were added — 


Tabi,E IV 


Amounts takkn op 

Peraianganate required 

Milligrams of CaO 
found 

Calcium mg 

Phosphate mg 

Actual 

Less blank 

0-67 

0 

3*14 

2*09 

0*59 

0'67 

1 

3 20 

2*15 

0 60 

0 67 

3 

3 07 

2-02 

0*57 

0 

3 

105 

i 

0 



The following controls of the method (vide Table V) were made using stones 
m which the calcium in the ash had been determined on a macro scale . — 

Tabli: V 


Stone number 

Percentage 01 

1 

Macro 

? CaO pound 

Micro 

Difference 

i 

130 

32*7 

32-2 

—05 

39 

1 

2*1 i 

12 

—09 

82 

74 

8*5 

+11 

79 

17 9 

161 

—18 

157 

13*3 

12-5 

—0*8 

28 

02 

i 

0*4 

+0-2 


Magnesium determination 

To the filtrate and washings from the calcium oxalate precipitate 10 drops 
of a solution of potassium phosphate (KgHPO^, 20 grammes per litre) are added 
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iiul 1 LC of strong aninioiua, and the whole warmed m a water-bath and then 
allowed to cool and stand 24 hour-, The precipitate of magnesium ammonium 
phosphate — if any — is then filtered off through a No 44 Whatmann paper, 
washed with about 10 cc of ammonia-water, dissolved m normal sulphuric acid 
and made up to 24 c c , correct to within 0 5 c c , with normal sulphuric acid 
To this are added— as for the phosiihate estimation — 20 c e of ammonium molyb- 
date solution, 5 c c of stannous chloride ind the wdiole made up to 50 c c with 
normal sulphuric acid The colour is then read against a standard as in the 
pliosphate dctcrminalion To proiide a blank, tbe filtrate and w'ashings of the 
blank calcium d‘ termination arc used (v s ) and the value found for this blank 
deducted from the other results 

We found that the results of this micro method on stones m which the 
magnesium had been determined by a maero method came out consistently low, 
unless an allowance was made for the solubility of the magnesium ammonium 
phosphate in the ammonia water The necessary correction is 0 012 mg of 
P per cc of w ish water Making this correction, the results of control esti- 
mations came aery close to the results by the macro method (vide Table VI) — 


TAni,c VI 


Stone number 

McO Pt-R CtNT FOUND 

Difference 

Macro 

Micro 

1 

1 

31 

0 

0 

0 

30 

0 

0 

0 

177 

5-9 

56 

—0-3 

191 

67 

69 

-t- 0 r 2 

189 

82 

8-3 

4-0^1 

138 

10-5 

9-6 

—0-9 

183 

29-0 

28-7 

1 

—03 


0 valatc determination 

The determination of oxalates m stones was unsatisfactory but of tlie various 
methods tried, the one desenbed below gave the best results 

Ten to twenty milligrams of the stone powder are accurately weighed into 
a 15 c c centrifuge tube and heated for an hour with ten c c of normal sulphuric 
acid m a water-bath The tube is then allowed to cool and stand 24 hours The 
tube IS then spun in the centrifuge and the clear supernatant liquid carefully 
pipetted off learing only a small fraction of a cc Again 10 cc of normal 
sulphuric acid are added and the contents allowed to stand another 24 hours 
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without heating-, with occasional shaking The centrifuging is repeated and the 
clear solution pipetted off and added to the previous extract The combined 
extracts are then made up to 50 cc with normal sulphuric acid The oxalates 
in this solution can then be estimated either by direct titration with N/lOO per- 
manganate or by precipitation as calcium oxalate, before titration In the former 
case 10 c c are taken and titrated and an allowance made for the uric acid present 
if the stone contains this substance The allowance made was 0 22 c c of per- 
manganate and this figure was arrived at by treating pure uric acid with sulphuric 
acid as for a stone powder and titrating 10 c c of the resulting solution In the 
latter case 10 c c of the solution are taken, 10 drops of 10 per cent calcium 
chloride solution added and the solution neutralized to methyl red as for the 
calcium determination The precipitate of calcium oxalate is allowed 24 hours 
to form and then the determination proceeded with exactly as for the calcium 
determination (q v) 

The results with stones m which the amount of oxalate had been estimated 
by a macro method are shown in Table VII ■ — 


Tabi.B VII 


Stone number 

Percentage oe CaOa found 

Method 

Macro 

Micro 

145 

12 5 

9-6 

Direct titration 

111 

336 

28 2 

Precipitation 



26 7 

Direct titration 

52 

68 

47 

Do 



55 

Do 



57 

Do 



7*8 

Precipitation 



6*1 

Do 

126 

Trace 

15 

Direct titration 

75 

2*0 

1*6 

Do 

130 

42-7 

414 

Do 

39 

2-5 

?4 

Do 

82 j 

5-1 

87 

Do 

79 

19 0 

20 4 

Do 

157 

Trace 

0 

Do 

28 

0 

2*8 

Do 
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CatboHolc DUu uunation 

A frcbli portion of the dry stone powder is first tested qualitatively for 
carbonates This can be done with a very inimite amount of the stone, by put- 
ting a speck 111 a drop of water on a niieroseope slide, covering it with a cover- 
glass, and rimniiig a drop of liidroehlonc acid under the cover-glass The 
particles ol stone ire w itched thiongh the microscope and the appearance of 
bubbles indicates the presence of carbointes If cirbonates are found, the amount 
15 estimated bv liberating tlie carbon dioxide and ineasiirmg the volume of it, 
m the apparatus shonn in the Text-figure 'I he apparatus can be constructed out 



of materials to be found m most laboratories and consists of thistle or separating 
funnel with a good tap, graduated on the stem below the tap into c c and 1 /lOths 
The lower end of this funnel is connected by a piece of rubber tubing to a mercury 
reservoir, which can be raised and lowered The inside diameter of the 
stem of the tunnel should be about 54 millimetres giving about 42 millimetres 
length of stem for one c c The stem should be about 25 centimetres long below 
the tap so that it will contain a volume of 5 cc or so Sufficient mercury is 
put in the apparatus to still leave some m the reservoir when this is raised till 
the mercury rises aboie the tap To use the apparatus the level of the mercury 
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IS adjusted with the tap open so that it lies a few millimetres below the tap 
About 10 milligrams of the powdered stone, accurately weighed, are then dropped 
m so that as much as possible falls through the hole m the tap into the stem 
Any of the powder which sticks to the sides is then washed in with water dropped 
from a pipette, using as little as possible and not more than half a cc The 
process can be assisted by very gently raising and lowering the reservoir a milli- 
metre or so When all the stone has been washed into the stem, a few drops of 
water are added to fill the bore of the tap and the tap is closed The mercury 
reservoir is then lowered A little strong hydrochloric acid, containing a trace 
of powdered glass, is put in the bulb of the funnel, the tap cautiously opened, 
about 1/lOth to l/5th of a c c allowed to run into the stem, and the tap shut 
quickly As the carbon dioxide is liberated, the height of the reservoir is 
adjusted so that the gas in the stem is kept roughly at atmospheric pressure until 
bubbles have ceased rising The liquid m the stem is now super-saturated with 
gas and the disengagement of this is assisted by quickly raising and lowering the 
reservoir so that the mercury makes rapid excursions of equal distances on each 
side of the position it is finally going to take up This should be continued for 
about half a minute and then the level of the mercury in the reservoir adjusted 
so that the gas is at atmospheric pressure, and a reading taken of both the volume 
of the gas and the volume of the gas plus acid The shaking process should 
then be repeated until no further alteration takes place in the volume of the gas, 
and final readings taken The height of the barometer and the temperature of 
the room are noted To the volume of the carbon dioxide gas is then added 
an allowance of 0 85 c c per c c of acid for the gas dissolved in the acid From 
the total volume of gas thus found, the weight of carbon dioxide is then calculated 
from one of the various tables published (4, 5) for weights of volumes of 
carbon dioxide, or by calculation * 


As an example to, suppose that 9 2 mg of stone 

■ 7'““/ ? tC“volume were 

J .„Ken and that the final readings of the volume s 4 

12 cc and 0 5! cc respectively Suppose the baromete. 

;„d the temperature was 17»C Allowing for “^fToTfcc 

0 8^ rc for 1 CC of acid, 0 51 cc of acid contain 0 51 X 0 85 _ 0 4.5 cc 

of gas so that the total volume of gas is 1 32 4- 0 43 _ 1 75 For a pressure 
of 7^ mm and a temperature of 17°C , the weight of CO, in one cc of 
\ t d fras IS 1 768 mg (from the tables or by calculation) The weight of 
iTs'^c c il therefore, 1 75 X 1 768 = 3 09 mg and the percentage of CO, in 


the stone ■ 



♦ If ,s the barometnc pressure m millimetres, t the temperature Centngrade and P 

c on of water at t° then the weight of COj mice of gas saturated with 
the vapour tension 


r -r niilligrams 
water is (f705o a 273 4- t 
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In adjusting the level of the mercury reservoir before the readings, it is con- 
venient to put It higher than the top of the mercury column m the stem by 
l/13th of the length of the column of acid, so that no correction is needed for 
the n eight of the column of acid 

A number of experiments were made using lithium carbonate m the above 
apparatus to determine the allowance to be made for the gas dissolved in the 
acid It nas found tint, making an allowance of 0 85 cc of gas per cc of 
acid, the total gas obtained agreed with the theoretical quantity to within an 
average 0 1 c c , and alw ays to within 0 2 c c and that the differences in different 
determinations ncre as often positive as negative The method is, therefore, 
to be tnisted to within sa> 0 2 c c of gas The exact strength of the acid did 
not appear to affect the result within this error Further controls were made 
using a sample of impure calcium carbonate and three vesical calculi m which 
the carbon dioxide had been determined on a macro scale with Schrotter’s appa- 
ratus (vide Table VIII) — 


TantE VIII 



Percentage op carbox dioxide 

FOUND 


Substance 

kfacro 

Micro 

Difference 

CaCO, 

40-0 

40-5 

+05 

Slone 

39-2 

414 

+ 19 

Stone 

38-0 

38-7 

+07 

Stone 

38 5 

38:6 

+0-1 


Qualitative tests 

For the detection of cholestrol some of the powdered stone is extracted with 
chloroform and the extract filtered through a small dry paper The extract is 
reduced m bulk by evaporation or evaporated completely and then taken up m 
a little chloroform To this solution are added with shaking 

1 Strong sulphuric acid— a red colour in the chloroform layer and a green 
fluorescence is the sulphuric acid and indicates cholesterol (Salkowski’s 
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2 Ten drops acetic anhydride and two drops strong sulphuric acid — a blue 
or green colour indicates cholesterol (L,iebermann = Burchard's 
test) 

The former test can be made more delicate by using chloroform which does 
not contain any alcohol Ordinary chloroform contains 1 to 2 per cent of alcohol 
and this can be got rid of by shaking the chloroform with an equal volume of water 
m a separating funnel, running off the chloroform layer and repeating the pro- 
cess Six extractions are ample to get rid of all the alcohol The chloroform 
is finally filtered through a dry paper to clear it from small drops of water This 
purified chloroform, although it has a certain amount of water dissolved in it, 
gives a red colour in greater dilutions than ordinary chloroform Chloroform 
without alcohol will not keep and has to be prepared fresh every few days 
With washed chloroform 0 1 mg of cholestrol mice of chloroform can be 
detected by a marked green fliioi escence in the sulphuric acid and a very faint 
red colour developing slowly in the chloroform layer 

The second test (Liebermann-Biirchard’s) is more delicate and will detect 
0 02 mg of cholesterol mice of chloroform The washing of the alcohol out 
of ordinary chloroform is unnecessary with this test 

As a qualitative test for unc acid and urates, the murexide test is recom- 
mended A little of the powdered stone is evaporated to dryness with a few 
drops of strong nitric acid in a piece of porcelain dish on a water bath If uric 
acid is present, a reddish residue remains which turns reddish-violet on the addi- 
tion of a drop of dilute ammonia and blue-violet on the addition of a drop of 
caustic soda Most of the nitrogen in stones is in the form of uric acid and 
when the total nitrogen is high, the presence of this substance can be presumed 
safely Many stones, however, which only contain a few per cents of total 
nitrogen, do not give the murexide test and in these the nitrogen is presumably 
in some other form In these stones the murexide test should always be done 

For the detection of creatinine a little of the stone powder is boiled for a 
few minutes with normal hydrochloric acid cooled, filtered, and to it added, 
an equal volume of saturated picric acid solution and drop by drop sodium 
hydroxide solution, until a deep orange colour indicates the presence of creatinine 
Excess of sodium hydroxide destroys the colour (Jaffe's test) 

If it IS wished to extend this test to detect creatine as well as creatinine, 
the stone powder should be evaporated to dryness with the hydrochloric acid 
with the addition of a pinch of powdered lead This converts creatine into 
creatinine and the test is then proceeded with as before 

Cystine can be detected by boiling a little of the stone powder with strong 
caustic soda for a few minutes and adding a drop of lead acetate solution A 
black colour indicates the presence of cystine It is a rare constituent of stones 
and we have never detected it in any of the stones we have examined, 
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It was observed by Lieut -Col R N Chopra m the Pharmacological Depart- 
ment of the Calcutta School of Tropical Medicine and Hygiene that when anti- 
mony preparations were injected into the vein m an animal there was a consider- 
able increase in the size of the spleen and that the normal rhythmical contractions 
were considerably increased This effect was far more noticeable when the 
therapeutically more active pentavalent compounds were injected than when 
sodium antimony tartrate was given Lieut -Col Chopra suggested that by this 
means the spleen was flushed out, and that this flushing might be an important 
step m the curative process It occurred to the senior writer that advantage 
might be taken of this flushing action to increase the number of parasitized cells 
in the peripheral blood of kala-azar patients, and early in 1927 he and Dr R O 
A Smith took advantage of this observation m their sandfly-feeding experiments, 
placing the flies to feed on the patients immediately after an injection had been 
given About this time the senior writer went on leave to Europe and Lieut - 
Col Chopra suggested to the junior writer that they should undertake a series 
of experiments to see if this increase actually occurred A series of observations 
were made, the results obtained were very suggestive, but for one or two reasons 
they were not entirely conclusive A short note reporting these preliminary 
observations was published in 1928 (Chopra and Das Gupta) 

In these preliminary experiments only a very small number, 13, of definitely 
diagnosed cases of kala-azar were used, the observations were qualitative rather 

( 749 ) 
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than quantitative, and, as all cases in which the parasite was discovered in the 
peripheral blood befoie the antimony injection were excluded, a true comparison 
between the findings at the first, second, third and fourth examinations could not 
be made As in nine out of the thirteen cases only one parasite was noted, one 
would be justified m assuming that in these cases a parasite was found because 
the examination was repeated foui times, and not because there were more para- 
sites present in the blood at the time of the subsequent examination The sug- 
gestive points about these expeiiments weie that in the other four cases more 
than one parasite was found, and that 13 parasites were found at the second 
examination, that is of blood taken aftei an interval of 10 minutes, against only 
3 parasites at the fourth examination, that is of blood taken half an hour after 
the injection After this mteival the effect had obviously worn off 

In these circumstances we felt that it would be worth repeating these experi- 
ments, using a larger number of cases and making a quantitative estimate of 
the number of parasites, both before and at various intervals after the injection 

DpTAinS OF THP PRCSdNT INVESTIGATION 
The patients — Fifty kala-azar patients in Avhom a definite diagnosis had 
been made by demonstration of the paiasite but who had previously received no 
treatment for kala-azar were used in this investigation They were all in-patients 
in the Carmichael Hospital foi Tropical Diseases undei the charge of the senior 
writer, and the great majority of them weie Indian males 

The antimony compound — Neostibosan (No 693b), which is the diethyla- 
mme salt of para-amino-phenyl stibinic acid, was the antimony compound used, 
primarily because it is the compound which is used for the treatment of all kala- 
azar patients in the above-mentioned hospital The drug was given intravenously, 
0 2 gramme in 4 c c of distilled water 

The blood films — Blood was taken in the usual manner fiom a finger prick 
and 5 or 6 ordinary thin blood films'^ made on each occasion The blood was 
taken just before, and 5 minutes, 10 minutes, 20 minutes and 30 minutes after 
the injection had been given The films were stained by Leishman’s method 
The parasite counts — The films weie examined microscopically with a ljl2 in 
oil-immersion lens and a No 2 eye-piece The leucocyte edges of the films of 
each group were examined until 500 leucocytes had been counted, the number of 
parasites and the number of paiasitized cells encounted during this examination 
was noted In the case of 25 of the patients no parasites were found during 
any of the 5 examinations, the findings in the remaining 25 instances are given 
in the Table All the counts were made by the same observer, the junior writer 


*The thick-film method was used at first, but it was found that, although the majority 
of the leucocytes stained well, there were always a few badly stained ones m which there was 
an element of doubt as to the presence or otherwise of parasites , the counts were thus vitiated 
These results were all discarded, and the thin-fiim method only was used m the observations 
reported 


Tabci; 


L E, Napiei and C R Das Gupia 751 





















752 


Antimony in the Diagnosis of Kala-azat 


Discussion on thjs iu:sui,ts 

Out of the 50 patients the parasite was only found in 6 (or 12 per cent) 
by the ordinary thin-film method This is in keeping with previous observa- 
tions Knowles, Napier and Das Gupta (1923) found parasites in the peripheral 
blood of 19 per cent of^ 140 patients by examining an average of 3 2 films per 
patient In every instance in which paiasites were found before the injection, 
they were also found after the injection Five minutes after the injection para- 
sites were found in 13 cases (oi 26 per cent), and after an interval of 10 minutes 
they were found in 20 cases (oi 40 per cent) After 20 minutes and 30 minutes 
the positive cases had again fallen to 8 and 9 (16 and IS per cent), respectively 
The number of parasitized cells found rose from 10 prior to the injection 
to 17 and 34, five and ten rmnutes after the injections and then fell again to 


Number of parasitized cells in SOO X SO leucocytes 



13 and 14, twenty and thirty minutes after the injection A graph has been drawn 
showing the rise and fall in the number of parasitized cells found at different 
time Intel vals 

It is thus clear that there is a marked increase m the number of parasites 
present in the peripheral blood at intervals of 5 and 10 minutes after the injection, 
but neither the difference in the number of positive cases nor the difference in 
the number of parasitized cells between the 1st and the 4th and 5th examinations 
IS sufficiently large to justify drawing the same conclusions regarding the 
examinations after the two longer intervals 

Conclusions 

The intravenous injection of an ordinary therapeutic dose of neostibosan has 
the effect of increasing the number of leishmama parasites in the blood of a 
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kala- izar p iticnt The greatest number of parasites will be found between 5 and 
10 nnnuteb after the injection 

In this senes the number of parasitized eells found m smears taken 10 imnutes 
alter an injection had been gnen was 34, compared to 10 parasitized cells m the 
same amount ot blood taken from the same patients prior to the injection This 
increase is so marked that it would be worth w’hile adopting the procedure des- 
cribed to facilitate diagnosis m cases m which the more certain methods of 
spleen or h\er pimeture, or blood eiilture cannot for any reason be employed 
Ihe mter\al between the giving of the injection and the taking of the blood for 
examination should be 10 minutes Although m the experiments reported above 
neostibosan was used, there is no reason to suppose that any therapeutically active 
pentaaalent compound of antimony would not act in a similar way 
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Ix parasitological iinestigations, especially, of the gnt-contents of blood- 
sucking arthropods, the \alue of successtiil dissections of the alimentary canal 
cannot be o\ erestimated \ccording to some authorities, dissections are superior 
in certain respects to microtome sections, in that, it not only show s the parasites 
j)j znvo, but tlso the exact position of tlie parasites in a particular organ and their 
tendency to migration, if an), to different regions 

The author, while carrying on dissections of infected and non-infected 
Phlcbotomui argcnfipcs Ann and Bran, struck upon a method wEich is simple 
m technique, effective, and needs hut little practice on the part of the investigator 
Patton and Cragg’s (1913) method of dissection, though a simple one, has been 
found to be successful only m about 40 per cent cases The mam defect in this 
method lies in that the stomach, which is the widest portion m an insect gut, is 
to be pulled through a long distance if it is to come out through the posterior 
end The four Malpighian tuliiiles as well as the long diverticulum, which runs 
parallel to the alimentary canal, take a w'rong and unnatural direction during this 
procedure, so that, there is e\ery possibility of rupturing or snapping of the gut 
b) these combined resistances Further, the excision of the anterior end of the 
proventriculus iinanably leads to the emergence of the parasites through the cut- 
end, and this, in certain cases, is not desirable Thus, the most natural way of 
dissection w'ould be to allow' the alimentary canal with the respective appendages, 
to remain in the most natural position during the process of pulling 

The following method w'as found by the author to be effective for specimens 
freshly killed or dead w'lthm 12 hours of dissection The specimen or specimens 
to be dissected should be put as usual m a test tube partly filled w'lth sterile normal 
saline solution and shaken gently for a few' seconds to ensure the penetration of the 
fluid The flies should then be allowed to remain m the tube for about 20 minutes 

( 755 ) 
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Improved Method of Dissecting Sand Flies. 


The insects, after this, should be taken out individually and placed on their edge 
on a clean slide with a diop of saline solution Care should be taken to allow 
the drop of fluid to spread evenly,'* * * § ' otherwise, surface tension will set in and 
hamper further progress The next procedure is to cut off the wings, legs and 
other unnecessaiy appendages along with the two terminal segments bearing the 
external genital appendages with a lancet-shaped needle If carefully done, it 
will be found that a considerable portion of the distal region of the alimentary 
canal will tend to come out through the dissected anal end The anal region of 
the alimentary canal will thus be free Now, the thoracic region of the fly 
should be held at the coxal ends of the legs with a fine but blunt needlef and 
the border of the nead behind the eyes gently teased with a lancet-shaped needle 
with a motion that will tend to separate the head from the rest of the body A 
careful and steady teasing will separate the head showing clearly the proventnculus, 
the paired globular salivarv glands at the distal margin of the head, as well as 
a portion of the oesophageal diverticulum running parallel to the proventnculus 
At this stage the excess fluid should be soaked up by means of a blotting paper 
lolled in the shape of a thin-pointed pencil The dissected portion of the gut will 
now be found to he flat on the slide on only a thin film of liquid For a success- 
ful dissection, this is particularly important at this stage and the insect should 
not be allowed to float on excess fluid Experience only will teach how much 
fluid is to be drawn off It will be found that at this stage, the surface tension 
begins to act on the head and the dissected portion of the alimentary canal and keeps 
them fixed to a certain extent on the slide, thus, eliminating altogether the 
necessity of a second needle for holding the head Successive short and steady 
pulls, directed towards the abdominal end, by holding the lateral edge of the thorax 
with the looped needle previously described will, in most cases, ij; allow the emer- 
gence of the entire alimentary canal The entire organ along with its appendages, 
owing to its passage through a common lumen at the anterior end of the thorax, 
will he more or less straight on the slide Slight manipulations of the abdomen 
IS necessary to get the appendages, especially, the 4 Malpighian tubules m position 
The organ should now be re-floated m a drop of normal saline solution§ and 
examined under microscope for parasites 

The mam principle of this method of dissection is to allow the surface ten- 
sion to act on the parts to be dissected and examined, and the success depends 

*Th:s IS not difficult to attain, as a scrupulously clean slide will automatically prevent 
the formation of drops 

fThis IS easily made by making a small loop at the end of a fine neeidle 

I The dissection of a gravid female is slightly more difficult, since the ova inside not only 
cause a dfstention of the walls of the abdomen but also exert a certain amount of pressure on 
the distal region of the alimentary canal, whidh, in certain cases, is so strong as to cause a 
rupture during teasing and pulling 

§ Great contraction of the alimentary canal takes place after the addition of the saline 
solution The organ should then be readjusted with a needle after soaking up the excess fluid 
with a piece of blotting paper This contraction might be obviated by using Ringer’s or 
Pictet’s solutions as dissecting medium as suggested by Imms (1929) 
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oil the adjustment of the reqi ired amount of moisture to allow of the proper 
action ot the surface tension on the oi^an 

The anthoi is deeply iiidclitcd to his Cliicf, Dr L I'- Napier, Ofiiccr-in charge, 
Ancillaiy Kala-i7ar Researcii Caieutta Seliool of Tropical Medicine and Flygiene, 
for -Ins \aluable criticisms on the subject 
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the hours 11 pm and midnight The cases on which these mosquitoes were fed 
were such that they showed about 20 microfilariae per 20 cubic millimetre of 
peripheral blood at night A microfilaria count of the case was made on the 
night prior to the feeding and another at the time the mosquitoes were being fed 
on the patient A record was maintained of the details of the feeding experi- 
ments, the date of feed, name of patient, microfilaria count and the number of 
mosquitoes fed 

Not all the mosquitoes in the feeding cage took the feed Usually some did 
not feed at all, while some had only a partial feed On the following morning, 
the unfed and half-fed mosquitoes were removed from the cage and only the full 
fed ones kept for further observation After the infective feed on the filarial 
case, the mosquitoes were not given any subsequent blood feed, but were kept 
on raisins and water 

The feeding cage employed is of the ordinary type, slightly modified {see 
Text-figure) The cage consists of a wooden frame-work from which a muslin 
bag hangs on the inside , the top consists of a sheet of glass to facilitate easy 
examination of the insects The front side of the muslin bag comes off into a 



Text-figure 

sleeve, the mouth of which is fitted with an elastic band to ensure automatic 
dosing of the sleeve The sleeve serves for letting in and taking out mosquitoes 
and also for thrusting in the hand of the filarial case for feeding the mosquitoes 
On the glass top, the details of the experiment aie written A small petri dish 
with a few washed raisins and a pellet of cotton-wool soaked m water is 

kept in the cage and this dish is changed every day The pellet of wet cotton- 
wool to supply water to the mosquitoes is preferable to keeping water in a dish, 

since it IS frequently found that mosquitoes get stuck m the open water in the 

dish and pensh 
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The infectiMt) and tlie de\eIopment of the embryos m the mosquitoes were 
studied both b} disbeetioiis and b\ the cutting’ of serial sections For the latter 
procedure, the specmiens ucre fixed in warm Bles fluid and imbedded by the 
cclloidm paraflm double-imbedding method The sections were cut to a thick- 
ness ot 5 ji This method of stiKUmg the embryos has been found to be a very 
reliable method as ererj part of the mosquito tissue is available for careful 
examination and there is no ehanee ot missing any of the embryos m the 
mosquito 


Till Diin RI NT st^soxs 

These experiments on the seasonal mfectuity of Cidti fatigaus were carried 
out m Calcutta and it is necessar) therefore to consider the weather conditions 
pre\ ailing there during the ditTerent seasons ot the year 

The daily maximum and minimum temperature and humidity records of 
Calcutta for the two rears 1927 and 1928 are given m a statement at the end of 
this paper (Table I) Broadlj speaking, there are three distinct seasons m 
Calcutta, the hot season, the monsoon or wet season and the cold season The 
hot season starts in \pril and extends to June and during this period the average 
maximum dad} temperature is abore 92“F , and the m.nimum is between 77° and 
S0°F A small amount of rainfall occurs during this season The daily minimum 
relative humidit} is generally low , frequentl} falling as low as 40 per cent The 
teef season follows the hot season and corers the penod July to September 
During this season, there is a rery heaw rainfall and the daily temperature does 
not exhibit any large range between the maximum and the minimum for the day 
During this penod, the temperauire ranges usually betw'een 79° and 89°F 
Humidity is m\ariably high, rising as high as 95 per cent or more during the 
mornings and falling to 80 per cent m the afternoons The average minimum 
humidity during this period is 84 per cent The cold season starts about the 
middle of November and ends in February During tins period, the atmospheric 
temperature is low, the aierage daily maximum temperature is between 76° and 
83°F, and the minimum, betw'een 57° and 62°F The minimum daily humidity 
is low, usually below 50 per cent October and part of November form a transi- 
tion period between the monsoon season and the cold season, and similarly, the 
month of March links up the cold season with the hot season 

Season u, injectivity 

IVet season A series of experiments were conducted during the months 
July, August and September, the monsoon season, when the atmospheric tem- 
perature is neither too high nor too low^ and the humidity is very high The 
temperature is usually between 79° and 89° throughout the day and night The 
humidity is always above 80 per cent During these experiments in w'hich more 
than 500 mosquitoes were dissected or sectioned serially, it was found that the 
mfectivity rate was high, the number of embryos undergoing development iq 
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each mosquito was also found to be high, i e , usually more than 15 to 20 During 
this period, the time taken for the completion of the mosquito phase of the 
embryos was found to be quite low, le, 11 days in July and 10 days during 
August and September The month of August was found to be most favourable 
for the embryos since a large number of them underwent development and the 
rate of growth was rapid 

In the month of October, a transition period between the monsoon months 
and the cold season, when the temperature rises slightly higher than during the 
monsoon season, and the humidity is somewhat lowei, the time taken for 
the completion of the mosquito phase of the embryo was found to be 10 days as 
during September In November just before the onset of the cold season, the 
temperature is much lower than m October or September and the minimum 
humidity falls very low, to as much as 50 per cent It was then found that it 
took 15 days for the embryos to mature 

Cold season During the cold season December to February, it was found 
that the mortality among the mosquitoes was heavy even under laboratory condi- 
tions During this period the infectivity of the mosquitoes was very low, and 
the number ot embryos developing in each mosquito was very small, 1 to 4 being 
about the maximum found m a mosquito during this season The embryos took 
a considerably longer time to mature and it was found that 18 to 20 days were 
usually required for the completion of the development even under favourable 
laboratory conditions In a senes of experiments earned out in February, it was 
found that only a few out of a large number of fed mosquitoes took the infection 
Even among the few that took the infection, the number of embryos was hardly 
more than one or two 

During March, the temperature is higher than during the cold season, but 
the humidity falls as low as 30 per cent During this month, there was heavy 
mortality among the mosquitoes The infectivity rate was very low and the 
time taken for the embryos to mature was 16 days, which is slightly less than that 
during the cold season 

Hot season During the hot season, mortality among the mosquitoes was 
very heavy The intectivity rate was fairly high, i e , between 50 and 60 per 
cent, and the time taken for the embryos to mature was 11 to 12 days The 
number of embryos was however small 


CoNTROLL,CD humidity and T^MPElRATURp 

It was then considered whether it was possible to obtain a heavier infection 
of the mosquitoes or a more rapid development of the embryos during adverse 
seasons by controlling the temperature and humidity conditions With this object 
in view, comparative experiments were carried out in February 1928 to study 
the development of the embryos m the mosquito when kept at room temperature 
and when kept under conditions similar to those prevailing during the wet season 
Out of a batch of mosquitoes fed on the same patient at the same time, one half 
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the number was kept at room temperature while the other half was kept m a wet 
incubator m which the temperature and humidity were controlled In this wet 
incubator, the temperature was maintained constantly at S2°V' and the humidity 
was kept at 90 per cent The batch that was kept at room temperature was 
subject to the conditions of temperature and hunudity prevailing at the time The 
temperature ranged between 62'’F niinmitim and 86°F maximum and the mini- 
mum hunudity fell as low as 17 during some days, with an average daily minimum 
of 25 for the whole period 

In the two portions of the same batch fed at the same time on the same case, 
the results were aery different ‘\mong the mosquitoes kept at room temperature, 
most were negative while onlv one had one or two immature embryos Among 
those mosquitoes that were kept m the wet incubator, every one had embryos 
and m many the embryos had matured and reached the free proboscis stage In 
each of these mosquitoes 5 to 10 embryos were found The time taken for the 
completion of tlie mosquito pliase of the embryo also varied considerably In 
the monsoon incubator, it took 12 days for the embryos to reach the mature stage, 
It was mentioned above that only one of the specimens kept at room temperature 
had any embryos Even in this specimen, on the 15th day when it was killed, 
and subsequently sectioned, it was found that the embryos were still very imma- 
ture In these experiments, to avoid any possible omission during the examination 
of dissected material, all the mosquitoes of the two batches were serially 
sectioned 

In the above senes of comparative experiments, the only difference between 
the two batches is the temperature and humidity conditions The one batch was 
exposed to winter conditions m Calcutta, while the other was kept in a highly 
humid condit'on with a temperature constantly at 82 “F The difference m the 
behaviour of the embryos m tlie two batches is very interesting 

Discussion op results 

These observations on tlie development of filaria embryos m Ciilci faligans 
at different seasons of the year show how considerable is the influence of climatic 
conditions on the development of filaria embryos m the body of its intermediate 
host, the mosquito During the monsoon months, a large proportion of the 
embryos ingested by the mosquito survive m the mosquito and complete their 
development The time taken for the completion of the development is shorter 
during this season than at any other tune of the year, namely, 10 days During 
the cold season, the number of embryos that mature form only a very small 
proportion of the total number actually ingested by the mosquito The time 
taken for the embryos to mature is greatly prolonged, namely, 18 to 20 days 
During the hot season, the time taken for the embryos to mature is shorter than 
during the cold season (le, 11 to 12 days) but the number of embryos that 
mature is small compared to the total ingested If during any of the adverse 
periods, the fed mosquitoes are kept under conditions of controlled temperature 
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and humidity, similar to that prevailing during the monsoon season, it is possible 
to produce a heavier infection and to accelerate the development of the embryos 

Temperature and humidity are the two factors that bring about these differ- 
ent results in the experimental infection of Culev fatigans Low temperatures 
below 75°F and high temperatures above 92°F seem to have an inhibitory effect 
on the development of filaiia embryos m Culex There appears to be an optimum 
temperature namely, between 85 °F and 90°F for the most lapid development of 
the embiyos Humidity has an even greater influence on the development of 
the embiyos During peiiods of high humidity the peicentage of infected mos- 
quitoes IS high and the intensity of infestation is heavy ^ During low humidity 
periods, both the mfectivity as well as the infestation are very low 

The photomiciographs of the sections of infected mosquitoes illustrate this 
point Plate LVI, fig 1, shows the heavy infestation of a Culei mosquito experi- 
mentally infected during the monsoon season Here a large number of half mature 
embryos are seen imbedded in the thoiacic muscles Plate LVI, fig 2, is a 
transverse section through the thoracic muscles of an infected mosquito showing 
the very large number of embryos imbedded m a mosquito which was infected 
during the monsoon season Plate LVII, fig 1, is a section through the head 
and thorax of Culei experimentally infected during the wet season It shows 
the enormous number of mature embrj^os in the thoiax, head and proboscis of 
the mosquito Such heavy infestations are chaiactenstic of the wet season and 
have not been obseived during any other season A combination of a constant 
optimum tempeiature with a very high atmospheiic humidity such as prevail in 
Calcutta during the wet season, account for the high infection rate as well as the 
heavy infestation that occui among experimentally fed mosquitoes 

The mosquitoes that weie kept in the wet incubator, although the infection 
rate was very high, did not give such a heavy infestation as that obtained during 
the wet season The temperatiire in the wet incubator was maintained constantly 
at 82 °F , while during the wet season, the pi evading tempeiature is usually at 
about SS^F reaching as high as 90'’F It is seen how even in the presence of 
a high humidity factor, a loweiing of the temperature retards the development of 
the embryos and also reduces the intensity of infestation While most of the 
embryos in the wet incubatoi senes matured in 12 days, some took a considerably 
longer time In the section, the photoiniciogiaph of which is given in Plate LVII, 
fig 2, two mature embryos are seen in the head, while in the thorax, two immature 
ones are seen imbedded in the thoracic muscles These latter embryos are at 
least three days behind the mature stage and this was the condition in a mos- 
quito of the wet incubator series which was killed 15 days after the infective 
feed While some of the embryos had matuied m 12 days, others took a much 


* By the term ‘ Infection rate,’ we mean the percentage of mosquitoes found to have embryos 
111 than By the term ‘ Intensity of infestation,’ we mean the number of filaria embryos found 
withm a single mosquito 
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longer time The lowness of the tempciature in the wet incubator, namely 
82"? , appears to be the cau-ic ot the retaulccl development 

Although ver) little Ins been recorded so far on the influence of tempera- 
ture and humiditv on the development of P baitciofh in Cula fatigans, some 
V erv remarkable work ha'i been earned out on the relation of temperature and 
hnniuhtv tvi the infcetion ot XiiopliLliiie moscpiitoes with malaria parasites It is 
of interest to consider the ]irevious work on this cpicstion as it seems to throw' 
light on the present observations on the development of fdana embryos m Ciih i 

Beiitle) (1911) in bis elassie woik m Bomhav first pointed out the import- 
ance ot humiditv and temperature on the infection of luo^luhs with malaria 
parasites He pointed out the definite relationship between the period of high 
atmospheric humiditv and the heaviest infection of ^Inoj'hiliS during the three 
months Julj to September, a period of vci> high and uniform humiditj He 
further pointed out that when humiditv was low there was no infection of the 
Aiiopluhs, regardless of the temperature being high or low lie considered, there- 
fore, that humidity was one ol the most important factors m the production of the 
mtection in the Anophihs Gill (1921) is of opinion that humidity has no direct 
effect on the development of the malaria parasites in the mosquito and that the 
influence of relative humidit} on the mteetion of Jiiopluh^ is solely by prolonging 
the life of the mosquito, long enough for the parasites to complete their develop- 
ment Bruce Mavnt (1928) working in Saharanpur found that although he dis- 
sected 2,000 specimens of cidicifncus no infected specimens were 

encountered till the 15th August when he found the first infected specimen and 
after that date, within 25 days found four more infected mosquitoes of the same 
species His paper shows the corielation of high relative humidity and the appear- 
ance of infected mosquitoes 

Wenjon (1926) while discussing the question of the effect of humidity on 
the development of malaria parasites in the mosquito, says ‘As regauls the 
effect of humidity on the active development in mosquitoes, there is no evidence 
that this factoi plays any part Provided there is sufhcieiit moisture in the air 
to enable the mosquitoes to live, the malaria parasites will develop noimally 
Temperature ’s a much more important factor than humidity As Gill (1921) 
has pointed out, the spread of malaria may, however, be affected by lack of 
humidity, because the mosquitoes which hatch and ingest parasites may not live 
long enough for sporozoites to appear in the sahvaiy glands ’ Wenyon would 
not appear to have given due w’eight to the observations of Bentley m Bombay 
where he found that m the absence of proper humidity no infection happenecl, 
whatever the temperature may be 

The present observations show how temperature is a very important factor 
m the development of filaiia embryos in Cidei fatigans But humidity has been 
found to have an even more important influence on the development of the 
embryos In this matter, the observations of Bentley on the development of 
malaria parasites m Anopheles are illustiated m the present instance with regard 
to filaria embryos A high humidity is necessary not only from the biological 
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aspect of prolonging the life of the mosquito to enable the completion of the 
development of the parasite, but also to facilitate the development of the embryos 
In the absence of the pioper humidity, the infection rate as well as the degree of 
infestation fall very low During the hot season, with a high atmospheric tem- 
perature, but with a very low humidity, the degree of infestation and the per- 
centage of infection are very low even when mosquitoes were kept alive for a 
sufficiently long time to enable the embiyos to complete their development The 
present authors consider that with regard to the development of filaria embryos 
m Culev, a high humidity is as important a factor as an optimum temperature, 
not only to enable the mosquitoes to live long enough to complete the develop- 
ment, but also 111 enabling a higliei infection rate and a heavier infestation 

SujrMARY 

While experimentally infecting Culex fatigans with embryos of Wuchereria 
(Ptlana) hanoofh by feeding the mosquitoes on filarial cases, it was found that 
the percentage of infection and the intensity of infestation, as also the time taken 
for the embryos to complete their development, varied from season to season 
Systematic work was carried out at Calcutta dining different seasons of the year 
It was found that the monsoon months when the humidity is high and the tem- 
perature optimum the heaviest, infection and a high degree of infestation occurred 
experimentally During this season, the rate of growth of the embryos was 
most rapid, complete development taking place within 10 to 11 days During the 
winter months, the infection rate was very low, infestation small and the time 
taken for the completion of the development much prolonged, i e , IS to 20 days 
During the hot season, the period of development is not prolonged (11 to 12 
days) but the degree of infection as also of the infestation is low 

If the temperature and humidity conditions aie made favourable, it is possible 
to obtain rapid development even duimg adverse periods This has been shown 
by the behaviour of two batches of mosquitoes fed on the same case during the 
month of February, one of which was kept at room temperature, while the other 
batch was kept in a wet incubator in which a high humidity and a moderate tem- 
perature was maintained In the former, theie was extremely slow development 
and the infection rate was very low and the number of embryos very small In 
the latter the infection was heavy and the development was more rapid 
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Tabi,e I 


Statciiuitt of meteorological records of Calcutta during 1927 and 1928 


^ronths 

Dail> 

maximum 

temperature 

(average) 

Dail> 

minimum 

temperature 

(average) 

Daily 

maximum 

humidity 

(Sam 

1 average) 

Daily 
minimum 
humidity 
(4 pm 
average) 

Rainfall 

monthly 

total 

1927 

“F 

-F 

Per cent 

Per cent 

Inches 

Januirj 

77 6 

SS'o 

93 

48 

04 

Februarj 

S2*3 

620 

85 

39 

12 

Mardi 

912 

67 4 

81 

30 

0-2 

\pnl 

973 

773 1 

86 

46 

21 

May 

94-9 

77 6 

88 

57 

49 

June 

92-0 

80*2 

92 

75 

115 

Julj 

S9‘l 

75 5 

93 

79 

8-5 

August 

8S-9 

75 0 

95 

81 

70 

September 

900 

78-6 

95 

O 

CO 

70 

October 

89-7 

75 3 

94 

60 

29 

November 

83*7 

65 1 

90 

47 

0-2 

December 

79’0 

578 

93 

45 

00 

1928 


1 




January 

79-4 

587 

87 1 

43 

0-2 

February 

85 9 

622 

80 

34 1 

00 

Marcli 

961 

70-7 

76 

28 

ffl 

April 

960 

75 7 

80 

44 

32 

May 

94 5 

78 4 

84 

1 

64 

71 

June 

89-6 

786 

90 

81 

180 

July 

88-8 

79-0 

92 

81 

221 

August 

89-5 

79-0 

91 

82 

163 

September 

910 

79 5 

93 

78 

87 

October 

88-5 

77 0 

93 

72 

29 

November 

847 

665 

89 

41 

0-0 

December 

79S 

58-6 

88 

45 

00 



Explanation oi^ Platl LVI 

1 Longitudinal section through thorax of a Culei infected during August, 

showing numeious embryos in the thoracic muscles 

2 Transverse section through a mosquito infected during August showing 

the large number of embryos imbedded m the thoiacic muscles The 
embryos aie all seen in section 
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E\PtA^AT^ON OF Plvte LVII 

Fig 1 Section through head and thorax of a Ch/pi infected during the wet 
seabon, showing numerous mature embryos m thorax, head and 
proboscis 

„ 2 Section through a Culcx kept in wet incubator after an infective feed 
in Febniary (killed nine dajs after feed), showing numerous embryos 
m thoracic muscles Specimens from the same batch kept at room 
temperature did not develop any embryos at all 
„ 3 Section through head and thorax of a Cuh v fed in February and kept 
in a wet incubator Killed 15 days after the infective feed Two 
mature embryos are seen m section m the head and two immature ones 
are seen imbeoded in the thoracic muscles 
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suggested are capable of producing a permanent cine m a large number of cases 
of chronic benign tertian malaria The fact that some of these patients only 
received 4 days of plasraoquine treatment, suggests that shorter courses of plas- 
moqume, if followed by more prolonged quinine treatment, may also be an 
efficient method of treatment, or least deserves further trial 

Sows II Amongst the 44 patients m this series relapses were detected m 
three cases but m two patients a full observation peiiod of 8 weeks by blood > 
examination could not be carried out, the obseivation periods being 2 and_ 5 
weeks respectively The later histones of these two cases were traced and in 
neither instance had relapse been reported at a latei date 

From these figures it would seem that a high percentage of permanent cures 
can be obtained, with little toxic risk in a robust population, with even as small 
a daily dosage as 0 04 grm of plasmoquine, if this is combined with quinine 
The percentage is so high that it seems to us doubtful whether a higher dosage 
IS justifiable in an attempt to obtain a few extra cures, which could probably be 
obtained by anothei course of treatment if relapse occurs 

Sows III One of the six patients tieated by intramuscular injection was 
lost sight of befoie the end of the period of obseivation and m none of the other 
five was a relapse detected The number of patients tieated with this low dosage 
of plasmoquine are too few on which to generalize, but suggest that even smaller 
doses than 0 04 grm of plasmoquine, in combination with quinine, may produce 
a high percentage of permanent cures 

Quinine Conti ol Sow<; Among the 38 controls, relapses weie obseived m 
15 or about 42 per cent 


ThC ppreCTS OP TRliA-TMCNT ON THP DURATION OP P VlVai IN THP 

PpRIPHCRAU BUOOD 

For the purposes of comparison the duration of parasites m the peripheral 
blood as determined by the thick-film method have been given m Table II, in 
which the results observed in our previous work (Smton and Bird, 1928) have 
been included 

From this table it will be seen that in only two instances (3 per cent), out 
of the 71 patients observed, were parasites found after 36 hours from the com- 
mencement of treatment, when quinine was given m solution along with plasmo- 
quine, while in previous work where the quinine was given in tablet form m the 
same doses and with larger doses of plasmoquine, 17 per cent of the cases still 
showed parasites after 48 hours The quicker rate of disappearance in the former 
case may have been due to the better absorption of the quinine from the standard 
quinine solution than from the tablets 

From these results it would appear that the combination of plasmoquine and 
quinine has probably a more rapid action m clearing the peripheral blood of 
parasites than either drug given alone 
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The; i:fe'i:cts of trFatmfnt on tcmpcraturf 
The ‘ average duration of fever ’ m our previous series of patients treated 
with plasmoquine alone was 0 8 days, while in patients treated with plasmoquine 
compound the average was 0 3 days 

Among the 17 patients in Series I, the average duration of fever was 0 44 
days and in no case did the fever last more than half a day Of the 48 patients in 
Senes II, the maximum duration of fever was 1^ days in one instance and the 
average duration 0 35 days Among the few cases treated by intramuscular 
injections the average duration of fever was 0 75 days, while among the controls 
the average was 0 60 days The latter figure is higher than the average of 0 31 
days found in previous work with the cinchona alkaloids in 1,127 cases, but is 
probably accounted for by the fact that in the control series no alkali was given 
with the quinine, while m the previous work a large number of the patients 
received this adjuvant 

These figures help to confirm our previous opinion and that expressed by 
other workers, that the combination of quinine with plasmoquine produces a more 
rapid abolition of fever than the latter drug alone 

Other effects of treatment 

The spleen rate among the cases treated was about 25 per cent before the 
commencement of treatment, and in no cases was splenic enlargement detected 
after the completion of treatment We did not find that the rate of decrease 
was any more rapid amongst the plasmoquine cases than among the controls 
Among the patients receiving 0 06 grm plasmoquine daily, only 44 per cent 
showed a gam m weight at the end of treatment and there was a total average 
loss of about ^ lb per patient Among those receiving only 0 04 grm plasmo- 
quine, 63 per cent gained in weight and there was a total average gam of 1 lb 
per patient 

Among the controls treated with 30 grains of quinine daily, 50 per cent gained 
weight with an average gam of ^ lb per patient The gam is not so great as 
that recorded in our previous control cases (Smton and Bird, 1928), which is 
probably accounted for by the fact that in this series of controls the dosage of 
quinine was greater over a much longer period 

The percentage of hccmoglobin were taken in 7 cases in Senes I before and 
after treatment and an average gain of 9 per cent was recorded A similar gam 
was found among 8 cases in the control series 

Discussion op the resuets of treatment 
There is no doubt that, in plasmoquine, a very valuable drug has been dis- 
covered for the treatment of some forms of malaria, not only for the radical 
cure of benign tertian malaria, but possibly also for the quartan form It also 
has a destructive action on the gametocytes of P falcipanwt, on which quinine 
has little or n\ effect Unfortunately, the optimum effective dosage and length 
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of treatment necc'isnr} to ])ioclncc a permanent cure of the disease has not yet 
heen settled m all its detail The dctennnntion of the safe curatne dosage is a 
matter of the utmost importance and until this is Known the use of the drug 
should he considered to he still in the cxpeiimental stage 

Daoqt The ongunl dosage used, when the drug was fust introduced, was 
in some insta ices as much as 0 12 to 0 20 gnu dail) and some w'orkers (Ilassel- 
mann and Hasselnniin Kahlert, 1928, Krauss, 1929) are appaiently still using 
these or c\en 1 irger doses although the makers and most other workers have 
reduced the ma\imum daih dosage to 0 06 grin 'I'lie results recorded m this 
paper and those of main other iinestigatois, indicate that equall) good results can 
he obtained with these smaller do'-cs This dail} dosage, on account of the toxic 
SMiiptonis de\ eloped h\ some of our patients, is m our opinion too large for 
general use, more cspecialK if continuous treatment is gnen 

Some workers state that 0 06 gnu dad) is the maMiniim dosage w'hich can 
he gnen without ill-effects (Muhleiis, 1927, Schulemann and Memmi, 1927, 
Fischer, 1928, Rrahmachari, 1928) Cordes (1928), howeeer, who started with 
daih doses of 0 OS gnu reduced his dosage to 0 06 grin and finalh to 0 04 on 
account of ill-etTects, and c\cn then some of his patients de\ eloped se\ere toxic 
SMnptoms Wallace (1928) found that a reduction of the dose from 0 06 to 
0 04 grm daiK when comhintd with quinine produced almost equall) good results 
MacPhail (1928) thinks that 0 04 grm of the drug gnen wath quinine can 
saftl) he administered under \er) ordinary super\ision while Fischer and W^eise 
(1927) state that the ma\imum daih dose free from ill consequences is 0 03 grm 

Our expcrienct has heen that doses of 0 06 grm clad) cause toxic s) mptoms 
e\en amongst robust patient*', while with daily doses of 0 04 grm, wdiich gave 
nearl) equalh good results m the production of a permanent cure m chronic benign 
tertian malaria when combined with quinine treatment, such symptoms as 
appeared weie of a mild character In view of the stahvart character of our 
patients we armed at the conclusion that eien 0 04 grm daily may be too large 
for general use, except under medical control The experiments w’lth 0 03 grm 
doses w'ere too few from which to draw any general conclusions, but they indi- 
cate that further trials of this dosage in combination with quinine should be 
carried out It is possible that such trials may show' that either a longer duration 
of treatment, or larger do=es of quinine, may be necessary to get an optimum 
result Even if it is found that wnth such small doses of plasmoqume the relapse 
rate is somew'hat higher, if it is less than 20 per cent it w'ould justify this dosage, 
if toxic symptoms can thus be avoided 

The combination of quinine tvith plasinoqitinc is clearly indicated It can 
be seen from our results that when these two drugs are combined, a higher per- 
centage of radical cures is obtained by smaller doses than when either of the drugs 
is given separately in larger doses It is also seen that plasmoqume alone is 
inferior to quinine m the control of fever m benign tertian malaria, indeed some 
authorities recommend that the fever in malaria should first be cut short by 
quinine trea^^ment before plasmoqume is started In addition it has been asserted 
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that quinine tends to reduce the toxicity of the plasmoquine, but we have obtained 
no definite confirmation of this in our work 

The facts that the combination of these two drugs produces better results 
in the radical cure of the disease, the disappearance of parasites from the peri- 
pheral blood and the cure of symptoms, sugg'-est that each drug may be an 
adjuvant to the other and that it is possible that plasmoquine given jn smaller 
non-toxic doses, although it may not kill all the parcr^sites, yet, may so damage 
them that quinine can complete the destruction This destruc-J-mn, as pointed out 
above, may possibly be increased by larger doses of quinine or a loiigrer duration 
of treatment It is therefore recommended that tests along these lines be oarried 
out and also that the combination of quinine with alkali should be tested instead 
of quinine alone The use of alkali might also tend to protect the liver, which 
seems to bear the brunt of the toxemia 

The combination of plasmoquine and quinine, ‘ plasmoquine compound,’ 
issued by the makers contains the proportions of 0 01 grm plasmoquine to 0 125 
grm (2 grams) quinine in each tablet When these are given for treatment, 
if the daily dosage of plasmoquine is reduced to 0 06 grm , the dosage of quinine 
IS only 0 75 grm (12 grains) quinine, while with 0 04 grm plasmoquine only 
0 5 grm (8 grains) quinine are taken We consider the administration of 
quinine with plasmoquine in its present form of plasmoquine compound tablets 
unsuitable for general use for the following reasons — (o) If a mixed infection 
with P vivav and P falcipauim is present, perhaps undetected, the amount of 
quinine with the smaller doses of plasmoquine is much too small for the treat- 
ment of the latter infection, or even to control malarial symptoms in some cases 
(&) The dose of quinine is too small to be optimum for the reduction of fever 
and the quick contiol of the clinical symptoms of the disease, which is what the 
patient expects (c) The use of quinine in solution gives a grdbter and more 
rapid absorption of the drug than when it is given in solid form (d) The ad- 
ministration of tablets of quinine followed by quinine in solution is much cheaper 
than the use of tablets of plasmoquine compound (e) The issue of two 
strengths of plasmoquine compound tablets has lead to confusion in dosage 
When the drugs are given separately, such confusion is unlikely to arise 

Duration of treatment The results obtained by Sinton and Bird (1928) 
indicate that a continuous course of treatment produces more permanent cures 
in chronic benign tertian malaria than does an interrupted course If the results 
of Series PM I and PMC I, both interrupted treatments, be compared with 
the results of the present research, they go to show tliat with the continuous 
course of treatment almost equally good results in the production of a permanent 
cure can be obtained with a smaller daily, and a smaller total, dosage of plasmo- 
qume as with the interrupted course and with less danger o'f toxaemia The 
use of a continuous course is preferable for it is easier to get patients to carry 
out a treatment, if they know it will finish within a definite short period than to 
get them to take a treatment of longer duration, and in which they are liable to 
forget the dates they should attend for treatment If a treatment is to extend 
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o\ci a pciio'l of S wcclvs paliciUs aic nnidi inoic liable to be lost sight of 
before (be (rcatmtiil is i.uin[)Icli.(l, than ulicn a comsc of ^ weeks or less is 
ncccssat} 111 ibt litter case one is m daily toiieh with (be patients and can 
tbcrcforc see the progress of treatment and detect to\<aemia at an early date, 
wlnlc if the trcatincnt is itUerntplccl tbe patient may not attend m the intervals, 
and dclaacd toxic symptoms may doiclop during tlicsc periods 

The nimmuiin dail\ trealment in relation to dosage has not been determined 
Onr results would go to show that with a daily dose of 0 06 grm the maximum 
duration of treatment in chronic Iienign tertian malaria is 3 weeks, but the fact 
that mane of (he patients who leceucd plasmoepiinc for shorter periods but who 
continued quinine did not relapse, suggest that probably wath this daily dosage 
in combination with quinine a iiciinanent cure would be obtained m a much shorter 
tune, possibh e\cn in 10 da\s, but that the chances of toxannia with this dose 
are greater than with smaller doses 

Series II treated with a dailv dosage of 0 04 grm of plasmoqume and 20 
grains quinine for 21 da\s only showed an average relapse rate of about 8 per 
cent and was followed by few toxic symptoms m the robust population treated 
bv us The occurrence of c\cn a few toxic eases amongst our population sug- 
gests that even although the duration of treatment may be correct, yet the dosage 
maj be too high for general use We therefore suggest that further experiments 
should be earned out with (a) 0 03 grm plasmoqume combined with 20 grams 
quinine daily for 3 w'eeks, (b) 0 03 grm plasmoqume dail} for 14 days with 
30 grams qumiiie daily for the first week and 20 grams daily for the second 
week, (c) 0 04 grm plasmoqume daily for 14 days combined with 20 grams 
of quinine, and (d) 0 03 grin plasmoqume wuth 20 grains of quinine for 14 days 
E\en if It IS found that with the smaller doses of plasmoqume the relapse rate 
is somewiiat higher, if it is less than 20 per cent^^t would be justified if toxiemia 
was avoided 

Toxic MANirCsrATlOXS during PUASMOnOlNr, TRCATMKNT 

Most w'orkers who have used plasmoqume m treatment have obsen'ed toxic 
symptoms of greater or less severity in some of their patients Many observers 
seem to think that the appearance of toxic symptoms is of comparatively little 
importance, if treatment is stopped or the dosage of the drug reduced immediately 
thej are detected^ but, as will be seen in the section on ‘ The Use of Plasmoqume 
m Treatment outside Hospital Practice,’ there are many medical men who do 
nOjt agree with tins v ew' 


Signs of plasmoqume to'icvmja 

The commonest indications of commencing toxiemia with plasmoqume are 
cyanosis, or slight gastro intestinal disturbances, or the two conditions together 
The rapidity with wdiich these conditions disappear wutliout leaving any apparent 

ill-effects m the majority of instances when treatment is stopped, make them 
J, MR 
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seem usually of trivial import, so some workers only cease treatment when more 
se\ere symptoms have aiisen We believe, however, with Schiassi and Merighi 
(1928), that the occurience of even these slight toxic symptoms cannot be dis- 
regaided as evidence of over-dosage, and think, as remarked by Cordes (1928), 
that the onset of such symptoms indicates that toxsemia is already fully estab- 
lished We have seen occasional cases m which severe toxaemia has developed 
without any noticeable premonitory sign or symptoms, and Cordes (1928), as 
well as Roskott and Seno (1928), also recoid similar cases In these patients 
there is probably some cumulative action of the drug for in two of the cases in 
Series I, of our work, the signs of toxaemia only developed two or three days 
after the cessation of treatment, and similar cases have been noted by MacPhail 
(1928), and M’Hutchinson and Duff (1928) If treatment was continued in 
such cases, seveie toxaemia might be expected to occur 

Although cyanosis and epigastric pain aie the two most common early symp- 
toms of toxaemia, this condition may in some instances be ushered in by sudden 
seveie vomiting, abdominal cramps, diairhoea, jaundice, albuminuria, haemoglobi- 
nuria, drowsiness, collapse, etc Depiession, either mental or physical, and weak- 
ness are sometimes complained of , loss of weight was observed m some patients 
and anorexia is not uncommon Cardiac disturbances of various kinds have been 
reported, although hluhlens (1927) states he found none m his cyanotic cases 
Schulemann and hlemmi (1927) repoited arrhythmia, but as similar cardiac dis- 
turliances nave been recoided in malaria pcj sc, they were uncertain as to whether 
these could be attributed to plasmoquine Tachycaidia was noted by Van den 
Biaden and Henrv (1927) and also by Morishita and Namikavva (1928) 
Bradycardia i-) considered by M’Hutchinson and Duff (1928) as an additional 
sign of tox.emia This condition has also been reported by Baermann and Smits 
(1929), and vSinton and Bird (1928), and was noted in one of the toxic cases 
in Series I It would, therefore, appear that any abnormal disturbance 
of the heart, greater than tan be accounted for by the malarious condition 
of the patient, should always be consideied as an indication for caution 
in treatment Severe blood destruction and leucocytosis have been observed in 
some severe cases of toxjemia, and Muhlens and Weise (1927) m their experi- 
ments found that metluemoglobiiiKmia was more likely to occur m anaemic cases 

The post-mortem findings in fatal cases of plasmoquine poisoning, indicate 
that the liriint of the toxaemia seems to be borne by the liver and Hulshoff (1928) 
points out that anv indication of liv^er insufficiency should be considered as a 
contra-indication to the use of the dnig Muhlens (1927) advises that for the 
present plasmoquine should not be administered to patients with damaged livers, 
definite nephritis and cardiac lesions 

Siisccptibihty to plasmoquine 

Drugs, =uth c’s ice-anilid and phenacetin, which also contain an alkyl-ammo 
group, have been responsible for a methsemoglobineemia similar to that in plasmo- 
quine poisoning and idiosyncrasies to these drugs have frequently been noted 
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Fi‘:chcr nml Wcisc (1927) explain the occurrence of c\anosis during plasmo- 
qimie treatment as possiliK being dependent on some personal idiosjncrasy of the 
patient ’ Brahinachan (1928), Nannkawa (1928), and sc\eral other workers 
lia\e also taken this mow MacPhaif (1928) thinks that the complete absence 
of sMiiptonis in '•oinc patients, \\hile others recenmg the same dosage of the drug 
de\elop sc\ere toxremia, suggests sueh an idios} ncras\ , and Cordcs (1928), from 
his expenenec of the sudden de\clopnieiit of severe toxic manifestations without 
prcMOus warning, holds the same opinion Kranss (1929) recommends that 
‘on account of the \er\ great %anation in snsceptibihU , plasmoqnine prescrip- 
tions should bear the legend in large tjpe or red ink “ Nil re])etantnr 

The question now arises as to the possible explanation of the iiuidcnce of 
such an Khos\ncras\ Monk (1028) states ‘it has been the experience m Cuba 
that Haitian negroes ciiinot tolerate as large doses of jilasmoclim as other races’ 
Hassehiianii and Hasselnnnn-Kahlert (1928) do not behc\c that the tolerance 
of the Filipinos to this drug is am greater than* in the European Does a race 
suseeptibilitv exist’ It has struck us as rather peculiar that the number of st\ere 
cases of toxreniia seen during onr researches, seems to be higher than those 
recorded m man) instances In other workers using the same dosage The popula- 
tion in our researches was an unusuall) healtln one, and, except for occasional 
relapses of chronic malaria, the majorita were apparently quite fit in the inter- 
aals, so the toxamiia could not be accounted for In an\ CMdent ph)sical weak- 
ness Our patients w ere all of Northern European origin, as w ere also the severe 
cases of toxaemia reported In )\ade (1929), \shln (1928) and Squires (1928), 
and the first author notes specialK that he has not obserced similar semptoms 
among Indians rcccning the ':anic treatment W’lien one considers the enormous 
daily doses, eieii as high as 0 32 grm , guen by some workers to the inhabitants 
of Southern Europe and of the tropics with few or no recorded se\ere ill- 
effects, while '■eserc toxamia and even deatli has been recorded m other places 
after doses as low as 0 0<5 grm daily , one is tempted to think that such a racial 
siisceptibiht\ may exist and that possibly it mas occur more commonh m persons 
of Northern European origin among others 

Apart from any factor of mdnidual or racial idiosyncrasy to the drug, the 
susceptibiliti of some persons mac possibly be explained as due to some tem- 
poran organic disturbance of the system, which was not apparent before treat- 
ment commenced, such as liver insufficiency, lowering of the alkali reserce, etc 
The facts that most of the fatal cases show marked degeneration of the liver 
post-mortem, and that main of the most severe cases of toxamia have occurred 
in patients suffering from malignant tertian malaria, m wEich disease the effects 
on the system are more marked than in either quartan or benign tertian fevers, 
would tend to support such a ciew On the other hand Smton and Bird (1928) 
were not able to obtain any certain ecidence that the administration of glucose 
and alkali, as prophylactic measures against damage to the Iner and a lowering 
of alkali reserce, caused any decrease m the incidence of toxic symptoms IJrah- 
machari (1928), however, recommends alkali treatment to ease the abdpmmal 
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pains and Manson-Bahr (1928) uses glucose for the treatment of toxic mani- 
festations 

One must also think of the possibility of a deterioration of the drug under 
certain conditions, as a cause of the gi eater incidence of toxaemia in certain series 
of patients Squires (1928) reports that a supply of the drug received b}'’ him 
seemed to give rise to a greater number of toxic cases than the preinous supply 
used As reported in our record of the toxic symptoms observed in this research, 
a supply obtained by us about the same time as that received by Squires, seemed 
to have a similar toxic effect Although a sample from our stock, when sub- 
mitted to the makers, was reported to show no increased toxicity, still we think 
the possibility of increased toxicity should be borne in mind, especially as it is 
well established that samples of some othei synthetic drugs, such as salvarsan, 
may show an increased toxicity under certain conditions 

The view that many complaints of toxic symptoms are due to auto-sugges- 
tion, resulting from the fact that other patients in the same ward or party have 
complained of such symptoms, seems a possible explanation m some instances, 
when one considers that mental depression may be one of the features of the 
toxaemia The observations that many of the patients who complain of such slight 
symptoms may later develop cyanosis, if treatment is continued, and that toxaemia 
may develop several days after the cessation of treatment, is against the view 
that auto-suggestion is a very common cause of such complaints 

Some observers state that abdominal pains are likely to occur if plasinoquine 
IS given on an empty stomach, or if not followed by a drink of water Our cases 
were all given fluid to wash down the tablets and the morning doses were given 
after breakfast 

It was noted that some of oui patients who developed the most severe 
symptoms were very heavy smokers, but the observations were too few in num- 
ber to come to any definite conclusion as whether such a habit predisposed to 
plasmoqnine toxaemia 

Recent ohseivations on plasmoqmne toxaemia 
In a previous paper (Sniton and Bird, 1928) a summarj'- of the records of 
toxic manifestations repoited by different workers up to that time were given 
in detail Since then a large number of other investigators have recorded 
toxaemia, of varying degrees of intensity in many patients, even although the 
general average daily dosage of the drug has been greatly reduced 

^Muhlena and Fischer (1927) find cvanosis e\cn with daily doses of 0 04 grm Schulemann 
and Memmi (1927) using a daily dose of 0*06 gnu found that side effects seldom occur, but 
in 2 cases out of 100 severe c 3 'anosis developed Morishita and Namikawa (1927) record 
severe sj-mptoms when doses of 0*06 — O'lO grm ivere given daily and three out of seven 
patients with t^hgnant tertian malaria developed hfcmoglobmuria Brosius (1928) with daily 
doses of (tOd— ^08 grm found that to>.ic svmptoms occurred not infrequently, but produced 
no serious permment effects On the other hand 15 of his 265 cases dti eloped hxmoglobinuria, 
and 5 deaths proirdil) due to other causes were reported during treatment Deeks (1928) saj^s 
‘it occasionallj proauc^ to\ic sjmptoms ivhen given in large doses over a prolonged period’ 
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Wliilnker (1^28) tflcr i tlo'Jigc of 0*06 Rrm iliilj report'; 6 pitieiils with mild cjmosis out of 
•40 treated ^f^cPI^II (1928) rccordi 6 toxic cnscs out of -400 piticiit'? treated, ulicii doses of 
O'Od — COd Rrm diilj were pnui, hut snjs no untoward cfTects were observed when the smaller 
dose wns used On the other hand Cordes (1928) reports 6 eases of severe toxaemia out of 
3^0 pativnts and ot these two died lit is of opinion tint tvcii small doses of (704 grm do 
not alwnv s prevent ahniiiiig sviiiptoms Phelps (1928) found, with a dosage of O’Od grm 
that 11 out of 19 patients develojied iindcsirahle svmptonis and in two instances the reactions 
Were severe Menk (1928) reiHirts a case of cpileptifomi fits during treatment with plasmoquinc 
and quinine M Hiilchiiison and Duff (1^28) with a dailj dosage of O’Od grm had 3 toxxmic 
cases among 17 ixaticnts Walraveiis (1928) records S out of 14 eases De I uca (1928) 
giving O’OG gnu dailv states that tolerance was verv good hut some svmptoms following the 
use of the dnig leave an unfavoiinhle impression Iliilshoff (1928) using the same dosage 
treated 149 ixatieiits of whom three dicvl In two of these the post-mortem findings could be 
explained In other causes than plasmoquinc i>oisoning Drenowsk-v (1928) reports toxic 
svmptoms appareiitiv of a mild character in S per cent of eases Bhattacharjva and 
Chowdhurv (1928) had one patient who developed violent abodommal cramps out of 25 treated 
with a dailv dose of fi'OG gnu nacniuann and Sniits (1928) slate that there is a nsk of intoxi- 
cation when doses greater than O'Ol grin per 10 kilos of bodv weight arc given as also did 
\luhlcns (1927) Miwcnskv (1927) with a similar dosage reports 10 per cent of toxic eases 
Low (1928) records i eases of cvanosis and 1 of alxlommal pains Ignacio (1928) found 
the untoward cfTccts few and mild Barber (1928) reports one case of severe ejanosis with 
a dailv dosage of 0-06 gnu and De Buen (1938) using the same dosage had to cease treatment 
m 14 per cent of eases because of tinwelconic s>mptoms Hasselmann and Hasselmaiin- 
Kahlcrt (1928) observed side effects frcqucntl), but even vvhen giving as large doses as 0'32 grm 
dail>, these were not alanmng and passed off quicklj when treatment ceased With dail> 
dosds of 0'12 grm thej never saw anv alarming effects requiring the cessation of treatment 
Walravens, Walckc and Bequaert (1928) obsened 4 cases of mild toxic effects among 14 
patients Olivier and Hulshoff (1928) observed slight s>mptonis after a daily dosage of 
dOG grm., while with the same dosage Palma (1928) reports severe cyanosis m 2 to 7 per cent 
of patients and Wallace (1928) says, although he had many eases with symptoms, none of 
them were severe Squires (1928) used a similar dosage for a year without any severe reaction 
when suddenly 4 cases of severe toxxraia developed, and Namikawa (1928) witli apparently 
the same doses records 9 cases of severe toxxmia among 25 patients Longo (1928) reports 
2 eases out of 30 with slight symptoms Ashby (1928) bad a ease wath very severe abdominal 
symptoms, after a total dosage of only 016 gmi given during 3 days Krauss (1928) with 
doses of 0*10 gnn and over daily only reports one severe ease out of 46 patients, while the 
same worker (Krauss, 1929) treated 108 patients with a dosage of O’lO grm witli 7 eases of 
toxxnua, and 27 patients wath 0‘12 grm witli 5 cases Tliese were mostly slight or transient 
Kligler and Ratler (1929) observed one ease of chronic malarial haunoglobmuna and three 
of defimte icterus developing during treatment, and Wade (1929) also reports two severe 
toxic cases 

In a previous paper (Smton and Bird, 1928), the records of thirteen serious 
cases of toxiemia following plasmoqiune treatment were collected from the 
reports of Cordes, Baermann and Smits, Vad and Mobile, James, Eiselberg, Sioli, 
Fletcher, Manson-Bahr and Smton and Bird, and amongst these four deaths 
were included As will be seen from the records given above, since that time, 
although the recommended dosage has become very much smaller, yet a large 
number of cases of toxtcmia are still occurring Cordes (1928) records two 
deaths certainly due to this drug Hulshoff (1928) had three deaths during 
treatment, one of which was probably due to plasmoqume Brosms (1928) 
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records that five of his cases died during treatment The post-mortem appear- 
ances found in most of these suggest that death was due to causes other than 
plasmoquine poisoning, yet it seems possible that the fatal issue may have to 
some extent been accelerated by the drug 

It IS also of interest that although plasmoquine as compared with quinine 
has been vaunted as the treatment of choice in blackwater fever, yet several 
workers haie recorded the occurrence of haemoglobinuna commencing during 
treatment with this drug 


Tone iymptoins ohseivcd in the piesent leseaich 

When one takes into consideration the fact that in many of the leports on 
plasmoquine, numbers of the patients on whom treatment with this drug had 
been tried, were of poor physique, badl) nourished and sometimes cachectic, it is 
not surprising that cases of toxaemia are recorded, although some obseivers think 
that the drug is as well liorne by such subjects as by strongei peisons Mtihlens 
(1927), however, states that great caie should be used m the dosage of weakly 
individuals, and Fischer and Weise (1927) found that methaemoglobinaemia was 
greater m anaemic patients The population used in our work, however, were 
3 oung well-nourished British soldiers, living undei \ery good conditions who, 
except when an acute attack of malaria was occurimg, appeared to be in the very 
best of physical condition ^^hth such a comparatively healthy population, of an 
average weight of about 10 stone (63 kilogrammes) each, one did not expect to 
get many toxic symptoms with doses ot 0 06 gun oi less of i^lasmoquine daily, 
jet these ^\ere found to occur 

In Series I winch recened 0 06 gun of plasmoquine daiF, although toxic 
’■mptoms such as slight epigastric pain oi cjanosis \vere obseived while the 
iginal consignment of plasmoquine was m use, yet on no occasion did this give 
rise to an\ anxietj and the symptoms quicklj disappeared with a few days’ rest 
When this lot of plasmoquine w'as finished a new consignment recened m March 
1928 w^as taken into use on 28th June, 1928, and within a few days afterwards 
SIX out of the thirteen patients being treated developed toxic sj'mptoms of a 
greater or lesser se\ent\ One patient recened 3 dajs’ treatment without symp- 
'^'i~Tecei 3 ^ed 4 dajs of treatment and of these three developed toxic 
the treatment and two others after treatment had been 
patients wdio recened 5 dajs’ treatment one developed 
tw'o patients wdio had 6 and 7 days’ treatment show^ed 
’d that out of 13 patients who had received a total of 
verage 5 dajs each, with the new plasmoquine that 6 
cases se\ere, inside 5 days after commencement of the 
itients who had received a total of 167 days of treat- 
iverage 13 dajs per case), onlj 5 de% eloped toxiemia 
that only of a mild character 
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The SMuptonis, clt , in (he three sc\eic case‘s Tie siimniaiized l)eIo^^ — 

Ca<i R G — Xo luptoni'- reported until tin. Itli dT\ of treTtincnt (tII with new 
ph<;iiiotinine>, when he comphiiied ol iiul coiisimt cpiKT'tnc pun with marked nnorcMa 

He ^onlltcd twice after ndnnssion to lioipital CoiKidernlile cjanosis Bradjcardn (pulse 44) 
Piasinoqninc treatment stopped immexliateh On (he dth da) pain less scierc but c)anosis 
more marked On 7th da) pain aeain more sceere Urine showed no allmmen On 8th da), 
pain much Ics^ hut eianosis persists, appetite rinirniiie '1 he naiiosis remained until 10th da), 
le for si\ da\s after plasmoipiiiu was slopjied 

Cent G //— Xo tONic Miiiptoiiis reported until I5lh d i\ of trcitmcnt (ath <la\ of new 
])lasmo<pune), when he complauicd ol lera s(,^^.re erainpiiig epigastric pain Vomited once 
Slight ciaiiosis 'Ireatmeiit stopped On the next da\ (he pain was less hut eianosis persisted 
for scieral da) s 

CflJe S’ H — During the last 4 da\s of his course of treatment, he received the new 
plasmoquine \fter an interval of one dav irom the cessation of treatnent he complained 
oi severe epigastric pain and showed slight cvanosis On the next dav the pain was more 
marked and the cvanosis continued On the 4th dav after treatment stopjied the pain was less 
severe and the svmptoms had completclv disapiiearcd next dav 

Casi. G 11 —Received the new plasmoepnne for the last 4 davs of his conrse of treatment 
On the 4th dav after treatnient stopped he was again admitted to hospital with slight C)aiiosis 
and complained oi complete anorexia He was found to have lost 3 pounds in weight during 
the previous week His svmptoms disappeared after two davs in hospital 

Tiie sudden outbrc.ak of more toxic s\niptoms follovv-ing the use of a new 
sample of tlie drug gave iisc to some anxietv and tieatment was discontinued 
•\ltliough the occurrentc might he a cointidence, vet it was thought possible that 
either there might be some deterioration of the dnig from storage in the tropics 
or else that there might be differences m toxicit) m different samples of the drug 
manufactured The possibilitj of tlic latter faetoi was especial!} considered 
because Squires (192cS) reported that certain samples received by him at Khar- 
toum earlv in 1928, seemed to be more toxic than pievious samples Samples 
of the drug were returned to the makers for testing, but they reported that they 
were unabie to find any increase m the toxicity of the samples sent, so we are 
unable to account for the apparent greater toxicity of this sample as compared 
with previous ones 

Of a total of 17 patients treated with 0 06 grm plasmoquine daily m com- 
bination with quinine, elev'en or 64 per cent showed toxasmia of x'arying degrees 
of intensity, so it would seem that for continuous treatment a dosage of 0 06 
grm dail} is too high for routine practice It is curious that other workers 
using this or laiger doses do not record so inanv toxic cases nor such a high per- 
centage with marked toxaemia It is possible, as discussed above, that this may 
be due to some racial idiosyncrasy among the patients tieated by us, as there was 
no apparent physical disabiht} among the patients to account for it 

In Senes II where the daily dosage was 0 04 grm , only 12 or 25 per cent 
of the 48 patients treated showed any toxic symptoms In elev en instances these 
were slight abdominal pam and m one case slight cyanosis This dosage does 
not seem to produce marked signs of toxasmia m robust adults 

In Series III where 0 03 grm was given dailv by intramusculai injection 
in no case was toxsemia observ'ed 
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Tnii USE OE PLASMOQUINE OUTSIDE IIOSPITAE PRACTICE 
There are apparently two diametrically opposite schools of opinion on the 
question as to whether plasmoquine should be used under conditions which are 
not under strict medical control 

The opinions quoted below express the view that the drug can be used for 
the treatment of patients, who are not under constant medical supervision or 
even that it can be given to the lay public for administration — 

Nutter (1927) states that he ‘can see no objection to issuing plasmochm compound for 
treatment outside hospital’ Scliulemann and Memmi (1927) think that ambulant cases are 
less liable to develop C 3 'anosis than hospital patients on the same dosage Benecke (1927) 
believes that the administration of this drug can unhesitatingly be handed over to laymen 
Decks (1928) states ‘from' two years’ experience, we now know its limitations fairly well, 
and feel confiident that its use can be extended to the treatment of camp cases in such dosage 
as to be effective without causing senous results’ MacPhail (1928) found that 0 04 grm 
plasmoquine for 6 daj's was not followed by untoward symptoms and therefore thinks ‘our 
experience justifies the conclusion that plasmoquine in this dosage in combination with quinine 
can safely be administered under very ordinary supervision’ Barber (1928) states that 
plasmoquine compound seems safe for field work Wallace (1928) says that ‘it can be used 
with safety in the field in the doses mentioned,’ i e , daily doses of 0’04 gmr plasmoquine and 
(fS grm quinine Krauss (1928) who i\as using the drag m doses of O'lO and 0 12 grm daily 
says that plasmoquine compound seems safe for field work and for administration in public 
health clinics Barber (1929) reports that in tlie plantations of the Panama Division of the 
United Fruit Co, the negroes are given a twondays’ supply of plasmoquine and quinine to take 
home and asked to return at the end of two days for a further supply They are, however, 
warned that if toxic symptoms develop they should stop treatment immediately and obtain 
medical advice The makers m one of tlieir pamphlets apparently sanction the use of 
plasmoquine treatment outside strict medical control, for they state that ‘the continuous 
treatment is principally indicated m out-door patients especially among the working classes, 
^\hcn interaml treatment, which has been found very successful, meets with difficulties’ 

Tlie opinions recorded above would seem in our opinion to minimize the 
dangers of a drug, the use of which we believe to be still m the experimental 
stage Other workers, however, do not agree with the views expressed above — 

Sinton and Bird (1928) state that ‘if such (toxic) events have occurred under the 
strict and careful conditions in which tlie drug has been tested, it seems to us that the time 
has not j'et arrived uhen it can be given broadcast for use in general practice, however useful 
It mai be under hospital conditions or under very strict and datJv medical supervision In the 
present -'yte of our knowledge of the action of this drug it is essential, m our opinion, that 
every pa mt under this treatment should be seen at least once daily, so that administration can 
be stoppe \s soon as the first signs of toxicmia arc detected ’ ‘ Before the drug can be taken 
into gene use, much more vork is necessary under carefully controlled conditions to 
determine the best dosage and the duration of administration’ Brosius (1928) also emphasizes 
the fact tnat the use of the drug is still in the experimental stage Olnicr and Hulshoflf (1927) 
tliink it sl^uld only be given under strict medical supenusion Cordes (1928) states that, 
for therapeutic as well as for prophylactic purposes, the toxic effect of plasmoquine 
constitutes a lamentable drawback, and goes on to saj that ‘it does not seem safe to place 
plasmoquine i\ the hands of dispensers or rural oierseers for free distribution’ ‘Its 
administration Quires a constant control of the patients w'hich can be carried out effectively 
only in hospital should r^*- be given without permanent medical control, even 

small doses of 4 ^rms do not alwayst prevent alarming symptoms’ Phelps (1928) gives 
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n>; hi<: opinion tint ‘ iih'.inntpimc i<; i (innL,croif: <lnn» nnd, t; llic rcnction nnd susccplibilit> 
of nn indnidinl nnimi be prcdcknntncd b\ nm niems it present finiilnr to ns its use \\dl 
u'^mlU lie restricted to Ik spuil hm' Roskott ind Peno n928) idvisc lint the drug 
should reiinin in incdinl hinds ind trcitnicnt rimed out in clinics Tlissclminn ind 
llissclininn Kihicrt s^^tl tint ‘these possdilc safe iflrclr vwfc iiuihcal sut'Ct-’isiou 

nh^nlulih nidisp( iMdWi ' ind idisnioquine unfit for self-trcitnicnt iflcr trcitnicnt or 
proplnliMS without nudiril circ Niinilciwi (1928) thinks tint the dnig should not he 
tnisitd to the liil\ Hurnnnii itid Snnts (1929) si\ tint 'in its present form it is uiisiiited 
for miss trntincnl in new of its gri\c or dcidls effects in idsocatcd doses its idnimistration 
dcininds the utmost MriliiKC Kmiss (1929) idnscs tint ‘on iccount of the sen grcit 
\nrntion of sinccptihilits , phsiuotiiune iirescniitions sliould heir the legend’ 'Nil repctintur ’ 
in hrge Is pc or red ml mil the inticnts should reiinin under dlil> ohscrsition If this 
ciiinot Ik done the reiuedv should not lie preserihed ’ Kliglcr (1929) si\s tint ‘for the 
time being one ought to limit the use of phsmonuinc to Ireitinciit under the control of 
1 plnsicnn ind not use it wliolcsilc is i proplnlictic Kliglcr ind Rcitlcr (1929) record 
the results of their proiilulictic use of the drug in Pilcstiiic ind stltc tint ‘these facts 
indicite tint great ciution should he ohscrecd in idnunistcriiig the dnig cii masse ind that 
until the methods iiul dosage ire circftillj worked out the work should he carric,d out onl\ 
under the constant supcnision and control of i plissiciin The results iiidicited that extreme 
ciution must he obsened in miss treitiiicnt with this drug’ 


The results of our work with daily doses of 0 06 grm of the drug indicate 
lint, cten in a robust adult population under strict medical control, toMc symp- 
toms of greater or less seventy are not uncommon, but that wuth daily doses of 
0 03 or 0 04 grm of the dnig, these symptoms are rarer and less marked, but 
Cordcs (1928) reports severe toxremia even with a daily dose of 0 04 grm If 
such a population living under comparatively ideal condition of housing, feeding 
and absence of hard work, are liable to exhibit toxic symptoms, it appears to us 
that such symptoms may be expected to be commoner and more severe amongst 
populations under less favourable conditions such as are found widespread in 
malarious countries It may possibly be, as suggested above, that our patients 
being Northern Europeans are inoie liable to develop toxic manifestations than 
persons of more tropical climates Until we have some more definite indication 
as to what may be considered a dosage which can be administered without toxic 
symptoms, irrespective of race, and wdiich w'lll at the same time give a curative 
effect. It does not seem to us advisable that the drug should be issued for general 
use to the lay public, but that it should only be given under medical supervision. 
It may be that smaller non-toxic doses will require a longer period of treatm 
to effect a radical cure, but this would not be of such importance if a do 
could be determined which would be safe for general use, for one must rem 
that a large proportion of the population in many malarious areas of the 
are not within the reach of medical aid The occurrence of many c 
toxaemia among the lay public would tend to bring into disrepute w' 
doubtedly a very valuable drug in the treatment of certain forms of 


* Italics in the original 
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CONCI/USIONS 

The time has not yet arrived when plasmoquine can be issued for use except 
under the constant supervision and contiol of the medical piofession It, how- 
ever, seems possible that a safe dosage and method of treatment for more general 
use may shortly be determined 

The conclusions we arrived at as the result of our work were — . 

(a) The combination of quinine with plasmoquine is better than eithei drug 
separately, in the pi eduction of a peunanent cure in chronic benign tertian 
malana 

(b) Plasmoquine is a very important adjuvant to quinine treatment and 
should not be used except in combination with this drug 

(c) The daily dosage of quinine to be given witli plasmoquine should not 
be less than 1 25 grm (20 grams) 

(d) Continuous treatment with plasmoquine, in small doses combined with 
quinine, pioduces a greater number of permanent cures than larger doses given by 
the interrupted method and is less liable to produce toxic symptoms 

{e) Doses of plasmoquine greater than 0 04 grm daily should not be given, 
and possibly even 0 03 grm or less ivill be found to be the maximum safe daily 
dose This remains to be determined 

(/) A more prolonged course of treatment witii small doses of plasmoquine 
would seem to be a better treatment than larger doses given over a shorter period 

{g) Plasmoquine treatment should be stopped on the least suspicion of the 
occurrence of toxic manifestations 

(/i) Plasmoquine treatment should not be given, or only with extreme 
caution in hospital, to persons suftermg from lesions of the liver, kidneys and 
circulatory system Gieat care should also be exercised in the treatment of 
anaemic and weakly individuals 

Our thanks are due to the Director of Medical Services in India and the 
Officer Commanding the British Military Hospital, Kasauh, for the facilities 
which they have placed at our disposal foi carrying out this investigation We 
also wish to thank the Indian Research Fund Association for the funds which 
they provided to cover the expenses entailed 
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Part XIII. 

PAROSAN AND DTMRPI>t'\vSI\IlNR IN TREATMENT 


BY 

Major J A SINTON, i m s 
(M(jla>in Suniv of India, Kasaiih ) 


[Rtccocd for publication, August 31, 1929] 


SiNcr the therapeutic cfTects of sto\arsol and plasmoqtune in malaria were 
disco\ered, the makers of these drugs have been attempting to improve upon 
them Messrs I\Ia) and Baker, London, liave asked ns to test the effects of 
parosan oxide, a new arsenical preparation, and its compound, qumine-parosan, 
in the treatment of malaria, uhile the Havero Trading Company, Calcutta, the 
agents for the I G Farbenindustne Aktiengesellschaft who make plasmoqume, 
have supplied us with a small quantity of dimeplasmine 

Unfortunatelv it has only been possible to try these dnigs on a few patients, 
as the failure of the mon^ioon in a large part of Northern India during 1928 
with the consequent marked diminution in malarial incidence, has resulted in a 
great decrease in the numbers of malarial patients available for treatment 

Parosan oxron 

The composition of this dnig as gncn by the makers is S-acetylamino 3 
hydroxjl 1 4-benzisoazine 6-arsenious oxide, the parent substance, parosan', being 
the corresponding arsenic acid 

The makers report experiments which show that it is practically non-toxic to 
mice, while against infection uith T? cqntpcrdum m this animal its curative value 
is marked 
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Tlic ni^cnls state that the cluipf has been tested at Hamburg, where it was 
foiiml tharciiiht dail\ doses of 0 2=5 grm , ' 0,2 0 grms of the reacidified salt 
or 0 S gim of the base, \\liilc lia\ing no effect on malarial parasites, was at the 
■^ame time iion-to\ic 

The drug has been issued to ns in tablets each Mcighing 0 4 grm and con- 
fammg 0 25 grm of the rcacidificd salt of the base, each equal to 0 1 grm of 
the base 


'I'ui MMINTS USIIJ \M) K1 I M SI s K1 CORIII I) 

A similar procedure, as that described in pre\ious articles of this series, Mas 
emplo\ed to eiisuie proper administration of treatment and detect relapses All 
the patients showed parasites m their peripheral blood before treatment ivas 
commenced 


P\ROS\^ ()\IDI \MJ OUIMM -r \ROs \N 


Parosan oxide mRs gi\cn in doses of 6 to 9 t.ahlcts (0 6 — 0 9 grm) dad} 
for 14 da}s "Xs m preiious Mork witb such arsenical compounds, an alkaline 
mixture and sugar diet was gnen daih to protect the Inei from possible arsenical 
poisoning Under these circumstances, no toxic s\mptoms were ohscr\ed 

One patient with malignant tertian malaria and five with chronic benign 
tertian were treated in this n aimer Of these, the case of malignant tertian 
malaria relapsed on the 10th da} of treatment Three of the benign tertian 
patients completed 8 weeks of blood obser^atlon after treatment wnthout relapse 
and one patient relapsed on the da% after treatment stopped The remaining 
patient showed parasites continuousl} for 9 da\s, after which time parosan 
treatment was discontinued and plasmoquine started, followed b} a quick dis- 
appearance of parasites from the peripheral blood The failure rate was there- 
fore 40 per cent, but the numbers observed are small 

Four patients suffering from chronic benign tertian malaria were given 
quinine-parosan m doses of 6 tablets daily for 14 da\s, corresponding to 0 6 grm 
parosan oxide and 0 9 grin quinine sulphate daily The same precautions as those 
mentioned above w'ere taken against arsenical poisoning This dosage seemed 
to be too small, for all the patients relapsed, one during treatment, twm imme- 
diate!} after t w'as stopped and the last at the end of 6 w'eeks of observation 
In view of the abo\e results, a second senes of ten patients wnth the same 
t\pe of fe\er were given 9 tablets (0 9 grm parosan oxide, 1 35 grm quinine 
sulphate) dail} for 14 days Three of these patients relapsed and the remainder 
completed observation wnthout relapse 

The relapse rate in the latter senes was therefore 30 per cent, while wnth 
a similar dosage of quinine troposan the rate was about 40 per cent (Smton 
Bird and Orr, 1928) 


Conclusions ~{a) The number observed is too small from which to draw any 
definite conclusions as to the relative efficiency of parosan and troposan in the 
production of a permanent cure m malaria (&) The results suggest that parosan 
may be as effective as troposan when used m combination with qmnine and that 
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because of the absence of toxic symptoms, larger closes might be tried with 
safety 


DimEpi,asmin^ 

Six patients suffering from chiomc benign tertian malaria were treated with 
this drug One patient received 6 pills daily for 7 days but he was lost sight 
of at the end of tieatment, so nothing is known about the permanent effects of 
the treatment 

Four patients received 9 pills daily for 19 to 21 days and of these two 
relapsed and two completed eight weeks of observation wfthout relapse The 
remaining patient received 9 pills daily for 4 days when the supply of the drug 
available was exhausted, and his treatment was continued with plasmoquine, 
after which he did not relapse No toxic symptoms were observed with the 
dosage of the drug used 

Conclusions — It has not been possible to arrive at any conclusions from the 
results obtained 

Duration op parasites in the peripheral blood 

The bloods of all the patients under treatment with these drugs were 
examined daily by the thick-film method and the results are recorded in Table I, 
m which IS given also the results of previous work with quinine-troposan, plas- 
moquine and plasmoquine compound for comparison * 

As far a« can be judged from the few cases observed it would seem that 
neither parosan oxide, qumine-parosan nor dimeplasmine are as effective as either 
quinine-troposan or plasmoquine compound in clearing the peripheral blood of 
P vivax, but that their value is almost the same as that of plasmoquine alone 

One patient having a mixed infection of P viiax and P falctpainm was 
also treated with 9 pills of dimeplasmine daily With this drug the former para- 
site disappeared inside 24 hours, while the latter was still present at the end of 
7 days when it was found necessary to start quinine treatment 

Duration op pever 

The same procedure for the recording and estimation of fever was employed, 
as in previous work 

The average duration of fever found with paiosan oxide treatment was 
0 66 days (maximum 2^ days), with quinine-parosan 0 82 days (maximum 3 days) 


* As the cases treated were all chronic infections, it should be pointed out that the tests of 
both ‘duration of parasites’ and ‘duration of fever’ have not, in my opinion, the same value 
as when these conditions are observed in fresh infections, for it is well knoim that both 
parasites and fever will disappear more or less rapidlj m most chronic infections if the 
patient is niCicly given rest ir bed, although no specific parasiticidal treatnient is given 
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and with dimeplasmine 0 58 clays (maximum 1-^- days) When these are compared 
with the previous records of 0 34 days with quuime-troposan, 0 37 with qumme- 
stovarsol, 0 55 with plasmoqume compound and 0 30 with the cinchona alkaloids, 
it would seem that neither parosan oxide, qumme-parosan nor dimeplasmine are as 
effective in the reduction of fever as the other drugs, combined with quinine, 
which have been tested previously The results may however be influenced by 
the small numbers of patients treated 

My thanks are due to Major S Smith, r a m c , and Captain W B F 
Orr, R A M c , for their assistance m carrying out these tests, and to Messrs May 
and Baker, London, and the Havero Trading Co , Calcutta, for the drugs used 
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THE EPIDEMIOLOGY AND PATHOLOGY OP TUBEECULOSIS 

IN INDIA 


BY 

A C UKIL, 

Professor of Bacictioloqv, Katwna! Mcdtcal Insliiutc and Office) -w-charge, 
Tuberculosis Research liiatau Research T inid Associaiion, Calcufia 

INTRODUCTION 

ThF earliest attempt to map out the prevalence of tuberculosis m India was 
made b% Lankc‘:tcr( 1 ) ncarlj a decade ago, but his obsenations were chiefly 
based on statistics furnished b) official and non official sources Liston and 
Soparkar(2) tried to find out the tvpes of tubercle bacilli responsible for surgical 
tuberailosis in India and the susceptibility of Indian milch cattle to tuberculosis 
In the present inquin an attempt has been made to find out the degree of 
tubercular infection or tuberculiration among the people by cuti-reaction accord- 
ing to emironment, age, sev and occupation in urban and rural areas, from radio- 
graphic observations, post-mortem eaidence and hospital cases The frequency 
and incidence of the aarious t}pes of the disease have also been tried to be 
determined from clinical eviderce on cases, post-mortem evidence on hospital cases 
and cases of accidental deatli autopsied at the Police Morgue, histological and bac- 
teriological studj of the various lesions in tuberculosis and the typing of tubercle 
bacilli isolated from the pus of surgical tuberculous lesions The pathologj' of the 
disease has been considered onlj so far as it concerns our epidemiological studies 
To wwderstawd the cpvdeTwvoIog> of Uvbercwfosvs w\ Iwdva, we ought to remem- 
ber that 94 per cent of India’s population reside in the villages, that urbanization 
and introduction of rapid transport facilities in India have been a recent develop- 
ment and that there are still large tracts of countrj' not penetrated bv railw av s or 
other rapid methods of communication The epidemiology must, therefore, vary m 
different parts of the countrj We have, therefore, carried our investigations 
m urban, rural as well as in well-isolated areas avvaj from rail routes m Bengal, 
Behar, Assam and Madras, so that the different areas represented v ai^nng degrees 
of urbanization 

Tuberculosis has been a prevalent disease in most big towns in India from 
ancient times but there is evidence that the disease has been rapidly spreading 

( 821 ) 
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and quickly proving fatal in lecent years in all parts of India, eg , theie has been 
an increase of 77 per cent in moitality from tuberculosis in Calcutta within the 
last 10 yeais In addition, there aic certain social factors which are operating 
in determining the epidemiology of the disease, the chief of them being the 
following — 

(1) Habits — ^the habit of spitting inside habitations, eating and drinking 
from common vessels and sleeping together in the same room are extremely 
common in all strata of society and are powerful factors in offering facilities for 
massive infection 

(2) Customs — Early marriage, early motherhood and the purdah system 
account foi the increased incidence and death-iate among females The death- 
rate among females between 15 — 20 years is 6 times that of males of the same 
age within the municipal limits of Calcutta 

(3) Diet — The bulk of the people take a badly balanced dietary poor in 
vital ingredients 


EpidEmioi,ogy 

The von Piiquet reaction as a means of mapping out tuboculous mfeciwn in' 

the community 

It IS difficult to estimate the number of people infected with or suffering from 
tuberculosis from hospital returns or vital statistics alone A moie definite 
method has come to be m use since von Pirquet described the cuti-reaction in 
1902 Very interesting and useful studies have been made in various countries 
which have helped us not only to know the degree of infection among the people 
of a country but also to understand the character of pathological changes met 
with in various lesions 

Technique and interpi ctation of the test 
In doing the test pure Tubercuhne Brute prepared at the Pasteur Institute, 
Pans, has been mostly used for obtaining comparative data in other parts of 
the world The skin of the forearm is cleansed with absolute alcohol, allowed 
to dr)’’ and with separate platinum loops a drop of 0 5 per cent carbolized saline 
(as control) and a drop of tubercuhne are consecutively placed on the skin at 
a distance of 2 inches Equal number of superficial scratches are then made with 
a vaccinating lancet and the areas are then allowed to dry 

Reactions were recorded, after an interval of 48 houis, as positive if there 
were redness and palpable (between 2 fingers) cedema in and around the scarified 
area The intensity of the reaction was noted under 4 heads —strong (indicated 
by -f- f-j-) when the diameter equalled or exceeded 1 cm , moderate (indicated 
by -f-f) when the diameter was between 0 5 cm— 1 0 cm, weak (indicated 
by -f ) when the diameter was below 0 5 cm and doubtful (indicated by ±) In 
estimating the number of total positives, half the number of doubtful cases was 

included. 
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Sumjumv of culi-icaciwu data 

In nil. 6,500 pci sons InM been tested of winch 4,279 nuiividuals were tested 
in 1,064 m Madras, 617 in Syihel ('Vssam) and 540 in Ranchi and 

Haranln^h (P.clnr) The data first obtaincil in Bengal essentially agiced with 
those obtained in othci provinces and it is liclievcd the same thing holds good in 
other part" of India 

4'lic intants anti children Mere inostK olitaincd from the child nelfare clinics 
and childrens nards of the hosjntals in Calcutta, children hetMcen 6 — 15 years 
Mere chicfli obtained from the schools m cities and rural nieas Indnidiials from 
16 ccars oiiMards ucrc obtained from college students, clerks, prisoners and mill 
hands Thus an opporlnnilv Mas obtained to stiidv the influence of environment 
m the difTnsion of tiiherculoii" infection The folloMing tables m'iII illustrate the 
carious aspects of the question The details of provincial distribution are given 
in the Appendix 


Cull u action according to age and intensity of leaclton 


Arc 


Total num- 

Per cent 


4- + 

+ 

+ 

B 

ber tested 

posituc 

0—5 \cars 

1 

17 

19 

3 

296 

336 

1 

1 11 4 

0—10 

1 

38 

178 

57 

539 

813 

30 1 

11—15 , 


36 

99 

58 

314 

507 

33 3 

16-20 „ 

10 

70 

166 

83 

425 

754 

381 

21—25 , 

23 

91 

1 

279 

114 

393 

900 

50-0 

26 -30 

43 

125 

308 

166 

418 

1,060 

52 7 

31—40 , 

68 

132 

454 

156 

1 

497 

1307 

56 0 

4’— 50 „ 

24 

56 

164 

98 

152 

494 

594 

51 — 60 „ 

14 

17 

100 

34 

02 

227 

65 2 

Abo\ e 60 

12 

15 

35 

18 

22 ! 

102 

69-6 

Total 

196 

597 

1802 

787 

3 118 

6 500 

45 9 

Per cent 

3 

9^1 

27 7 

12 1 

47 9 




Considering that all the infants and children of the age group 0 5 years 

belonged to a highlv endemic area like Calcutta, the percentage of positive re- 
<ictions is stiikingly low Fifteen out of 38 of tliem were found to liave been 
m contact with ‘open’ pulmonary tuheiculosis cases in the family We did not 
get a positive reaction in infants below 6 months The highest sensitization seems 
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to occui at the 30th }''eai, when the incidence of all foinis of tuberculosis is the 
highest also The average hacilhzation of 45 9 per cent of a mixed population 
in India is in striking contiast to data in Euiope A comparative study of figures 
in other Asiatic countries is instinctive 


Conipa) ative data in oihci Asiatic count) les 


Age 

Bengal 
Per cent 

! 

Cochin China 
( Laliuig 
Bonnairc) 

Per cent 

Indo China 
(Dc Langen) 
Per cent 

Jar-a 

(De Langen) 
Per cent 

France 

(Alarfan) 

Per cent 

i 

At 10 j ears 

i 

301 1 

35—45 



i 63 7 

Jl II 

33 3 

64—75 



819 

» 20 „ 

381 

76-89 


1 

8^0 

Average 

45 9 

67 0 

1 

65 0 

65 0 



We do not know whethei Cochin China, Indo-China and Java difter from 
India in matters of uibanization or whether only urban people were tested A 
high figuie in uiban areas in India has been bi ought down to an average medium 
figure by the low incidence of tuberculization in people of luial areas 

The low percentage of positive reaction in infants and children disappears in 
presence of massive infection m the family Out of neailj 100 tubeicular homes 
surveyed, through tlie help of the Babj^ Weliare Clinics and of the newly started 
Bengal Tuberculosis Association m Calcutta, we found the incidence of cuti- 
reaction as follows — 

/ Living in the same looiii with a tubeiculai patient 
Age between 1 — 5 vears = 71*4 per cent positive 
„ „ 6 — 10 „ = „ „ 

n Living in the same house but not m the same loom 
Age between 1— 5 jears = 50 per cent positive 
„ „ 6 — 10 , =58 „ „ 

The question of a low degiee of bacilhzation in presence of a low mortality 
figure requires further investigation and is engaging our attention 

The ugni fiance op the intensity of a positive leaction 
The intensity of a reaction indicates the strength of the allergic state or 
immunological i espouse of the cells of the body to tubeiculo-protein—the stronger 
the leaction the better the response The reaction is due to previous infection 
with bacilli and it must not be taken as eMdence of tuberculous disease 

We have lound that in the ordinary course of urbanization a person begins 
to mve a positive reaction in 2 to 3 rears after lesidence m a tlncklr populated city 
or 'town With the lural people, when they give a positive reaction, it is also a 
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weak one W^c lia\c come to look upon weak reactions as imperfect immunolo- 
gical response on the part of the i)od\ Strong reactions are most frequent 
between the 20th — lOth \car when all forms of tulicrculous disease are most 
common aKo If a niral mduidual or a child under 10 3 ears gives a strong 
reaction, we look on it ns an eaulcnce of exposure to massive infec- 
tion usualh in the famih, for we ha\c traced manv ‘open’ pulmonar 3 f cases in 
this waa Such cMdence can also he obtained from the moderatel}' strong (-1 — j-) 
reactions but to a less extent Intants anti clnldren living in tuberculous homes 
in close proxiinite to the patient usualh show fairh well-marked reactions 

In spite ot harbouring Imng tubercle bacilli or antigen in the body, a cuti- 
reaction mai he negatne due to 4 causes — 

(1) The dose of tuberculin has been too small to wake up a reaction, 

( 2 ) the reaction has been done during the ante-allergic (or incubation) 

period , 

(3) the n.dnidiial is non-immunircd, and 

( 4 ) where in spite of actne disease, the immunita is depressed and the 

immunological response fads to appear m such conditions as ad\an- 
cing tuberculosis with relatneh massne re-inoculation, pregnancy, 
cxfcmch low states of general health and acute infections like m- 
fluenra, measles, v hooping cough and cachexias 

The figures guen below 'how where the mtensiu of reaction helped us to 
spot out ‘ open ’ puhuonan tubcradosis cases m the famil) — 


^ge 

Intcnsih of reaction, 
per cent positiac 

Rfmarks 

0 — 5 ^cars 

100 85 



1 

Six cases a\ho were to have 





1 

Iiacd in the same house gaae 

6-10 , 

100 2A 

12 


5 

a negatue reaction 

11-13 „ 

50 ' 8 

5 





Thus a strongh positne reaction in infants and children up to 10 a'ears is 
an indication of exposure to massue infection, usually in the familv A moder- 
ateh positue reaction is so indicatne chiefla in 3 'oung children betw'een 0 — 5 
vears \ strongh positne reaction in an individual should alwa\s gne rise to 
suspicion of a source of massne infection In presence of an apparent tuber- 
cular lesion, such a reaction is, therefore, strongl) suggestive of a positive 
diagnosis 

The tnflucucc of habitation on cnti-rcaction vi urban and iiiral aieas 
The influence of habitation on tuberculization m urban and rural areas has 
been showm separately for Bengal and for the four provinces combined m the 
following figures and curves which are self-explanatory 
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The above curves may be depicted m figures as follows — 
The influence of hahitation on cuh-ieachon 


Age 

Rural 

Per cent 

Rural/Urban 
Per cent 

Urban 

Per cent 

0 — S years 



11*4 

6-10 „ 

15 0 

20 0 

30*0 

11-15 „ 

19-6 

260 

410 

16-20 „ 

28 8 

33*0 

58*3 

21—25 .. 

34 0 

43 0 

64 0 

26—30 „ 

38 0 

50-0 

66 0 

31—40 „ 

437 

56 0 

69-0 

41—50 „ 

50 0 

62 5 

73*0 

51—60 „ 

57 3 

72-0 

80*0 

Above 60 „ 

66 6 

Number too small 

Number too small 

Average (per cent) 

33 4 

47 9 

551 


The reaction accotdmg to habitation in diffcient classes of people 



Students 
(6 to 30 
years) 

j Prisoners (16 to 70 years) 

Mill Hands 
(16 to 60 
years) 

According to 
halbitation 

Bengal 

Madras 

Ranchi and 
Hazanbagh 
(Behar) 

Sylhet 

(Assam) 

RJural 
(per cent) 

218 

32*1 

33 7 

210 

69^0 

69*0 

Rural /Urban 
(per cent) 

30*1 

50*4 

461 

22*2 

78 9 

70*0 

Urban 
(per cent) 

32*3 

741 

56 5 

23 8 

77 8 

76*0 


It has been found that rural people with negative cuti-reaction begin to give 
positive reactions after a stay of 2 to 3 years m highly endemic areas like Calcutta 
Such positive reactions are always weak Rural people, in most cases, give a 
veak reaction 

A. long residence m a Central Jail reacts like residence m a big town That 
is, the chances of diffusion are greatest where there is a large aggregation of 
people 
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Cutt~icactiO)j according to occupaiwu 

Idlest of the cases quoted hclow were prisoners in jail The incidence will 
be noticed to he particularh high in cartels, tailors and mill hands 

7/ir influence of occupahon on cuti-i caclton {Jail cases) 


Occupation 

Total nunilicr 
tested 

Total number 
positive 

Percentage 

positive 

Cultivator 

2.456 

1,017 

414 

Mill hands 

176 

121 

1 

687 

Carters 

89 

65 5 

1 

73-5 

1 

Tailor 

22 

15 5 

70-4 

Servant 

296 

192 

i 

64 8 

Coolie 

87 

44 

50-5 

Carpenter mechanic, goldsmith ' 
etc 

128 ! 

80-5 

628 

Shop keeper, businessman 

456 

283 5 

621 

Clerk school master 

131 

74 5 

56-8 

Jail life 

197 

134 5 

68 2 

Beggar, vagabond 

43 

24 

55 8 

Landlord 

10 

65 

65 0 


Ciiti-t caction accotding to religion 


Religion 

Total number 
tested 

j Total number of j 
1 positive reactions j 

Per cent positive 

Hindus 

4,190 

1810 

43-2 

Mahommedans 

2,194 

1,135 

517 

Christians 

116 

43-5 

37 5 

Total 

6,500 

2,988*5 

i 

45 9 
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The Mahommedans show a slightly higher incidence, but this is due chiefly 
to the higher incidence m uiban cases The apparently low incidence in Indian 
Christians may be due to the small number tested No lace susceptibility can be 
proved fiom these figures 

The 1 elation between physical build and cuH-i eactions 


Individuals were arbittanly divided into three classes according to their 
physical build and musculature It will be seen from the figures that those vvith 
poor physique show a more extensive sensitization to tubercular infection 


1 

1 

State of health 

Total number 
tested 

Total number 
positive 

Per cent positive 

- ^1 

Good 

2,757 

1,227 

445 

Indifferent 

2,978 

1,358 5 

45 6 

Bad i 

765 

403 

52*6 

Totax, 

i 

> 6,500 

i 

I 

‘ 2,988*5 

45 9 


The ) elation between gland incidence and cuti-i cactwn 
One thousand seven hundred and sixty-four individuals (chiefly infants and 
childien) were examined for the presence of palpable neck glands 53 2 per cent 
weie found to possess palpable neck glands 


Age 

Number showing 
palpable glands ' 
tested 

Number showing 
positive cuti- 
reaction 

Per cent positive 

0 — 5 years 

151 

31 

20*5 

6-10 „ 

541 

160*5 

29*6 

11—15 „ 

135 

41 

! 

303 

16—20 „ 

94 

30 

1 

319 

21—25 „ 

18 

4 

222 

26—30 , 

\ 

1 

1 1 

1 



Total \ 

940 

266 5 

282 
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I'lu tr cnhi c;ciiiPiit in llic imjonlv ca^cs mnsl Ihcrcfoic lie 

uunniUil foi In ntlui (.nmlit nii" in lln, nunitli inso pli.ii \ n\ nnl h tip Smnt 
winUii-' I. p 1 ankt.-'lci ( 1 ), wiic ttmjittd t<i call all tnlinjinunl of iciMitl 
y;Ian(K i- dnc (o (nlHRuhr infection Ca‘>C'- mill enhrgefl inlands of the posUiior 
anucnlar, occipital, ‘-iilnneiital and ‘ail)niaxillar\ i^roniis were not counted if there 
w I'i a niani^cct ‘scptic focus to account for them 


Tin I elation beta ten liibiiettlow; nioitabl\ and diffusion 
of iiibn ciiIo<;ic 

lln niorlaIil\ cnr\c depicted below has been drawn from the figures of 5 
ecar" death rates m Calcutta, as it is useless to look for reliable data outside 
the jiriiicipal nnincijial areas \ feature in this curve is the low’ mortaht)- figure 
in infanii, n the presence of a low degree of hacillization as shown by cuti- 
rcaction Two cur\es arc reproduced from a paper h\ Sir Arthur Newsho!me(5’) 
showing the mortaht\ rates in England for the sake of comparison The 
Registrar General’s annual report for 1926 m England and Wales show’ed that 
tuberculosis w^s responsible for S 3 per cent of the total deaths and that 14 5 

Chart 3 

Relation of Tuberculosis /Mortality tCALcuxTAh 

TO DiFFOStOM OF TUSSRCUl-OSIS 

Ira Easterm IraoiA, 



per cent of the total number of deaths from tuberculosis occurred in childien 
under 15 years The susceptibilitj to tuberculous disease is uncommon during 
the first eight months of life but it rapidly increases for a year and a half after 
this when it begins to decline again, owing to the development of immunity 
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Chart 5 


Respiratory Tuberculosis i©23 
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The absence of this curve in India may mean two things — 

(1) Giving to the absence of properly organized children’s clinics and hos- 
pitals, tuberculous disease and death are not diagnosed and recorded correctly, 

(2) The presence\pf an immunity m infants and children due to some yet 
unexplained factors 




A C Uhl 


833 


The former cannot he contradicted The immunity, if it exists at all, must 
he non-specific, otlicrwise tlic positnc culi-rcaction figures would have been higher 
In our tuherculm sur\c\ m tubercular homes, a\c have seen that the barrier is 
onh apparent and relatnc, as 64 5 per cent of such children gne a positive re- 
action Tuberculous di'-ease is also rare during this period But \\c have to leave 
this question ojicn till we can follow the children of tuberculous mothers for 
some lime more 

Influence of cn-inonnunt and social conditions on ciiti-i caction 

These ha\e alreadj been touched on in the mtroductor) remarks m this paper 
We shall touch onlj on two points here Though labourers are recruited from 
the niral tracts, the large aggregation of people m industrial areas gives rise to a 
high incidence of cuti-rcaction, as shown below — 


Mill hands 

According to age and intcnsitv of j caction 


Age 


Inteiisit\ of reaction 


^ 1 Dial num- 

Per cent 

+ -h + 

+ + 

+ 

± 

— 

ber tested 

positnc 

16 — 20 \ears 


6 

22 

4 

19 1 

1 

51 

58 0 

21—25 , 

1 

11 

25 

6 

18 j 

61 

65 5 

26-30 


14 ■ 

24 

4 

10 

52 

760 

31-qo 


7 

29 

6 

i 

10 

52 

74 5 

41-50 „ 

1 

1 

i / 

13 

2 


26 

82 0 

51—60 „ 


1 

5 

1 

1 

8 

810 

Totat 

1 

46 

118 

23 

62 1 

250 

70-3 


The effect of purdah system (in towms) is manifested by increased cuti- 
reaction m girls from the time they begin to be confined in their houses, e g , 

Percentage of positive cuU-reaction 


1 

Age 

Male students 

Female students 

6 — 10 jears 

29'S 

30r3 

11-15 „ 

297 

35 0 

16-20 „ 

29-9 

58-0 
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mortality from lung' tuberculosis, which is practical^ the only lethal form of tuber- 
culosis causing 95 per cent of the mortality, also follows the same lines 

Chart 7 

/\6e InciDEHce ep Pulmonary Tuberculosis im BeriOAu 

( 01-1 1300 c-o'.ses') 



Chart 8 

AgE: IhClDEnCE 9F PuLMOHARY TUBERCULOSIS IH IhDI A 

(opi i^oea s/\M>«croRium CAse.s) 



Primary intestinal tuberculosis and tabes mesenterica are most frequent 
between the ages of 25 — 35 years Glandulai tuberculosis chiefly affects the 
cervical region, and less frequently the axillary and rarely the inguinal groups 
In children below 10 years, we have failed to find evidences of enlargement of 
hilar glands, as revealed in skiagraphs, in many cases which showed enormous 
enlargement and caseation of cervical glands with deration of temperature 
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The inode of outel of lung luhei culosis 
Tlie mole of onset as gatliereci from the histones of 1,300 pulmonary cases 
js depicted graphical!} ni Chart 9 There were 3 cases m this senes wdneh had 
an onset like t\phoid fe\er 



Node ^ Omset ^ Luno Tuberculosis irs Bengal, 


The pa>t played by bovine lubLiclc bacilli in human hsions in India 
Tuberculosis in cattle has generallj been considered a rare disease in India 
Soparkar has found Indian breeds to be more resistant to tubercular infection 
than English breeds, in spite of tlieir poor ph 3 sique Tuberculous udders have 
not }et been reported Joshi(7) proved by animal inoculation of several hundreds 
of samples of cows’ milk in Bombaj that it was free from tubercle bacilli 

Out of 50 strains of tubercle baalh isolated from glandular and osteo-arti- 
cular lesions in man by us, none has yet been found to belong to the bovine type 
Liston and Soparkar also obtained similar results in Bombay in 1917 In view of 
this fact and because milk is generally boiled before taking, the chances of con- 
tamination of man by the boAune tubercle bacilli must be considered to be extremely 
rare in India 

But recent happenings in the Madras Corporation cattleshed (verbally com- 
municated by Prof Knshnamurthi Ayyar of the Madras Veterinary College), 
throw some doubt as to the possibility of this state of affairs ahvays existing 
Cattle are kept there in crow’ded sheds away from sunlight Quite a number of 
animals inve recently succumbed to tuberculosis showing extensive lesions in 
intestines, mesentenc glands, kidneys, tracheo-bronchial glands and lungs 
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]t seciT's that bovine tuberculosis may become more frequent with greater 
urbanization and confinement of cattle in dark sheds It is important to know, 
in this connection whether the relative immunity of Indian cattle is due to their 
outdoor life Is it the same thing with young children in India ^ We have already 
shown that b) confining young girls within houses, the incidence of cuti-reaction 
distinctly rises 

The m^htence of climate on the incidence and types of tubei culoits disease 
Climate pet sc seems to have little influence on the incidence of manifest 
tuberculosis, except that a hot and humid climate has an unfavourable effect on 
the general health Tuberculosis has, however, been found to be more common 
in parts of India, eg, on the South West coast, where the rainfall is excessive 
and prolonged Whether excessive heat and humidity help m converting a poten- 
tially immunizing tuberculous infection into tuberculosis disease and of rendering 
the course of the disease more acute is to be found out, but it is a common 
experience in the sanatoria of India that excessive heat and humidity have a detri- 
mental effect on the progress of a case 

Metabolic factois in dctei mining tnbennlous conditions in India 
Montel(8) in Cochin China and de Langen in Java(9) thought that the 
incidence and course of tuberculosis in those countries depended, to some extent, 
on the low calcium content of soils and water and of cholesterm in the blood of 
the people of those countries We collected data on the calcium content of the 
soils and water of India, through the kind help of the Agricultural Department 
and compared them with those in England and found that it did not deflect towards 
the deficiency side in any way, being, on the othei hand, actually higher m many 
parts The normal calcium content of the blood serum in most young Bengalees 
varies between 9 2 to 10 1 mg per 100 c c , with an average of 9 6 mg 
per 100 c c The cholesterol content of the blood in normal individuals m Bengal 
has been found to vary between 124 to 160 mg per 100 c c , with an average 
of 140 mg per 100 cc (Mukherjee, Cal Med Journ Dec 1928) 


Clinical types of lung tubei ciilons 

The types of lesion in the lung will vary to a great extent according to the 
amount of the infective doses inoculated and re-moculated, the age, sex and the 
presence of immunity in an individual Massive infection is the rule m a majority 
of cases, as has been stated before Thus, exudative lesions preponderate in a 
rural individual m the face of a massive infection 

At the Madras Tuberculosis Institute, 15 per cent of admissions of males 
and 20 per cent of females are acute cases 

The duration of life, which depends on the infecting dose, the age, the extent 
and multiphcitv\f lesions, on the secondary bacterial associations and on the im- 
munity of the individual, is much shorter in India than in Europe It is shorter 
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in females than in males In Europe .and America, the average duration of life 
m the case of lung tuberculosis is from 3 to 10 jears, Imt m India the following 
ratios hold good "m aicragc cases if modern treatment is not undertaken or is 


not successful — 

16 — 25 jears 

26 — 40 \cars 

Aboic 40 \cars 

6 months to 2 years 

1 to 3 >ears or more 

3 to 5 or to 10 } ears as age advances 

Pregnane} and lactation, 

diabetes, influenza and kala-azar 

hate been found 

to shorten the course 

Locaftaii of lesions 

Male 

female 

Tight 

Per cent 

354 

Per cent 

3^0 

Upper lobe { 

30-4 

m 

Both apices 

61 

9-0 

Ai! o\cr lung 

118 

265 

Multiple localizations 

361 

35 0 

Locaiton of cavities ut males and females 
f\*crbali\ communicated In the authorities of the Madnapalle Sanatorium, 

Madras ) 

Male 

Cases remale 

Cases 

Right side 

93 Right side 

42 

Left si^e 

80 Left side 

72 

Both sides 

93 Both sides 

64 

Total 

266 ToTai 

178 


The majontv of cases in adults in most parts of India belong to the fibro- 
caseous t}pe with localization usually in the upper lobes, and less frequently in 
the upper part of lower lobes 

The lesion seldom remains localized, rapidly spreading to other parts of the 
lung The pneumcnic type is occasionally met wuth (2 per cent of cases) in young 
rural indnidnals exposed to massive infection The broncho-pneumonic form 
IS more rarel> met wath in adults (1 per cent) In about 7 per cent of cases 
the enlargement of hilar glands, wnthout lung lesions, gives rise to the mam 
s} mptoms 


Post-uioi fail evidence 

This IS based on 1,000 consecutive post-mortems performed in Calcutta 
during the last H years, 416 cases autopsied at the Madras Medical College 
during 1927 and 1928 and 113 cases autopsied at the Patna Medical College from 
1926-28 The data m Madras and Patna agree m essential particulars with those 
obtained m Calcutta We shall therefore gue an analysis of Calcutta autopsies 
m detail 
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Post-mortem evidence (on 1,000 autopsies) 


I Total number of tuberculosis cases — 176 

Death due to tuberculosis among- medical cases autopsied 12*8 

Tuberculosis found complicating other diseases 4*8 

Total number of cases which showed well-marked tubercular lesions 176 
II Primary intestinal ulceration found m 5*1 

Secondary intestinal ulceration found in 51 i 

Old pleural a,dhesions found in 72 0 

Soft adhesions found in 12 0 

Evidence of calcification of old lesions found m (cf 5 per cent in 

Madras) 31*55 

Well-marked caseation present m enlarged hilar glands (cf 50 per cent in 

Madj-as) 26 1 

General and meningeal tuberculosis in children under 10 years 50 

III Distribution of pulmonary lesions — 

Upper lobe 47 0 

Lower lobe 29*0 

Middle lobe of right lung 23’3 

Multiple cavities in both lungs 14 0 

Extensive involvement of both lungs 62*0 

EMdence of miliary tuberculosis 42^0 


If we follow Kaiifmann’s classification the proportion of cases in percentage 
stands thus — 



Per cent 

Total 

12-8 

Non-fatal 

4'8 

Latent actne (chiefl> caseation) 

61 

Latent non-active (chiefly calcified foci) 

05 


Pleural adhesions were found to he very fiequent. multiple and extensive 
Enlarged bronchial glands, usually 1 — 2 cm m diameter, were present in 
most of the fihro-caseoiis t 3 *pes of lung tuberculosis The hilar and broncho- 
pulmonar}' groups ivere also involved A large proportion of the glands (30 — 
50 per cent) showed well inaiked caseation ivith little attempt at fibrosis 

The pre^ ailing type of lung tuberculosis was found to be the fibro-caseous 
form until primary localization in one of the lobes and then rapidly involving 
other parts Cavity formation takes place quicklji m the involved lung aieas, 
multiple cavPies being piesent in as many as 14 per cent of cases In a majority 
of cases between 15 — 30 3 ears, the cavit 3 ’^ walls are not smooth but ragged, caseous 
and surroundecl; b 3 ' caseous and conglomerate tubercles, shownng that the degene- 
rative processesVie continvons and do not allow time for the development of a 
wall of reactive wanulation tissue around the foci Out of ovei 100 cavity walls 
examined 1 ) 3 ' histolbgical methods, w^e found well-marked development of connec- 
tive tissue on’y m \0 per cent of cases There is a moderate amount of con- 
nectne tissue formatron m another 10 per cent of cases The reactive connective 
tissue proliferation inNother cases is very fragmentaiy and, ownng to this poor 
attempt at localization, \the barriers soon break aw^ay extending to other parts 
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of the lung, 'honing cxlcnsnc nnohenient o\ei both lungs in a large percentage 
of cases (orcr 62 per cent), until ultimatcU the last harrier gives way to an 
explosion of nuhar\ (h'seiniuation (in 42 per cent of cases) Cavity formation 
IS chitflv produced 1)\ the hc|uef<action ind seiiuestralion of caseous pneumonic or 
lironcho-pncumoiuc areas and more rarch of endo- and peri-bronchial caseatmg 
foci The caseous ulcerative process is prohahlv assisted hj the presence of 
sccondarv organisms which gam entrance through the bronchial tree Extensions 
from a cavit) have been found to take place both h\ aspiration and through peri- 
bronchial and pcri-vascular Ivmphatics It is thus evident that the exudative 
changes are a much more jiroininent feature of lung tuberculosis in India than 
proliferative oi indunalivc processes which are only found in individuals above 
40 vears who have been horn .and brought up in thicklj populated urban areas 
Broiicho-pneumonia with gre.at enlargement of lulus glands as seen in the 
infant is a companativ el} rare picture (2 — 3 per cent), having been observed in 
a few adolescents betw’cen 15 — 20 }ears of age In the absence of children’s 
hospitals and of f.acihtics for .autopsies on children, it is difficult at the present 
time to state the details of pulmonary tuberculosis in infants and children in this 
countrv 


Tvbcuular Ituont in other organs (176 cases) 

I\ Iiitcstiinl ulceration wilii iiuoheincnl of mcscntcric glands 

nnhrgcmcnt of mcscntcric ghnds without iisihlc intcstiinl ulcers 

Intestinal ulceration without visible lung lesions 

Spleen 

Liver 

General peritoneum (miliarj ) 

Kidncvs I Left 
Appendiv 
Gall bladder 
Pancreas 
Prostate 

Mouth and pharynx (tonsil, tongue and pharjnx) 

Larjn-x 

Trachea 

Pericardium 

Heart (right auricle) 

Base of brain 
Thj roid 

Tubercular glands other than bronchial 

Abdominal retro-peritoneal 

Inguinal 

Axillary 

Cervical 


Per cent 
Sll 
113 
51 
164 
17 0 
13*0 
9-6 
73 
39 
1 1 
1 7 
0-56 
17 
85 
17 
45 
0-56 
45 
0-56 
119 
5 
3 
3 
10 


General and meningeal tuberculosis m children under 10 years has been 
found b} Rogers to be 5 0 per cent (cf 62 7 per cent m London) 
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Out of 416 autopsies in Madras, the distribution of tubercular lesions was 
found to be as follows — 

Lungs 
Intestines 
Peritoneum 
General miliary 
Spine 

Tabes mesentenca 

Totai, 66 cases 

Out of 113 autopsies at Patna, 30 cases showed tubercular lesions 

Pathology of lung tube) culosis in India 

Infection with tubercle bacilh depends on several factors — (1) the virulence 
of the bacilli introduced into the body, (2) the number of bacilli simultaneously 
introduced, (3) lepeated infection at shorter or longer intervals, (4) the sensi- 
tiveness of the individual, and (5) the path of infection, i e , whether inoculated 
through susceptible or non-siisceptible tissues 

As a result of extensive woik by several workers, we are now realizing that 
the disease picture in tuberculosis, especially of the lungs, can be explained in 
terms of the immunological response of the body Ranke’s conception seems to 
us to fit m with most of the pioblems The primary focus after infection in 
inhalation tuberculosis in a non-immunized individual is a small exudative miliary 
broncho-pneumonia about the size of a hempseed near the pleura in the upper 
lobe below the clavicle The draining lymph nodes are always involved with 
caseation and surrounded by a fibrous capsule This is quickly followed by 
productive lesions surrounding the first focus The primary changes clear up 
rapidly m the majority of cases Fiom 2 to 3 weeks after tins, a state of allergy 
or hyper-sensitiveness of the cells of the body develops as a response to the 
primary infection Allergy might be called the reaction of the tissues against 
tuberculo-protein, while immunity is the reaction against the bacilh The larger 
the amount of inoculation that an individual is able to overcome, the higher will 
be his ability to ‘ react allergically ' 

In the study of the i>athology of tuberculosis, tuberculin surveys are a very 
important aid in determining the state of immunity of a race The percentage 
of positive skm tests will be higher where chronic pulmonary tuberculosis is the 
prevailing type, it is low where tuberculosis is raier but more severe and acute 
In the second stage or stage of alleigy, which exists so long as viable bacilli exist 
m unhealed foci or re-mfections take place from outside, successive re-inocu- 
lations or re-infections guide the whole process Proliferative or exuda- 
tive reactions predominate according to the dose and virulence of the bacilli, the 
amount of tuberculo-protem diffused into the tissues and the state of allergy and 
resistance of the host If the dose of the re-mfectmg bacilli is small, the exuda- 
tive changes subside quickly giving place to productive lesions Caseation and 


39 cases 
IS „ 

3 „ 

5 „ 

2 

2 
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nccrosiv occur lu tissue^ due to nllerpic inflauimator} reaction The inoculation 
o{ nia>;‘-nc dose*- at frcciuent uitcr\ah ni the prcbcncc of a low specific reaction 
would account for a rapid caseation with marked loss of tissue and cavity forma- 
tion in the cour-c of the disease This presents the formation of adequate wall- 
mq otT of the focus 1)\ the production of fibrous tissue by pen-focal reticular 
cells in respon^-c to the stimulation of tubcrculo-protein and thus furnishes a leak 
for the rc-mffcting' bacilli to extend the process DilTcrcnt organs and even 
difTercnt parts of the same organ nn\ he m a difTercnt state of allergy In this 
stage the change^ are manifested In exudatne reactions at sites of metastases 
and markcfl pen-focal inflammation frequentie followed In caseation This may 
lead to haimatogcnous metastasis m hones, joint-', hinjih-nodes, kidnejs, skin, etc, 
or end m the malignant form of gcucralircd niiharj tuberculosis This is followed 
In the third o; tnltarv rtue/, and Us transition forms, m which the state of 
Inpcr-scusitncucsb suhsulcs and the exudatne reactions become less violent due 
to the dc\clopMieut ot a relatuc imnnium productue re.actious arc more frequent 
and localized without iinoKcmcnt of hmph-nodcs Exudative changes take place 
when the unmuiiite hreak-, down towards the last stages Metastases by l3mpli 
and blood hecoinc less and less frequent Init contact growth and broncho-genic 
extension within the organ mas occur as before 

Tbe power to restrain the multiplication of tubercle bacilli and to waall off 
tubercular lesions effcctnch b\ tbe growth of connectne tissue is the manifes- 
tation of a degree of immunization which is only attained m the course of some 
sears after infection The lung tuberculosis of tiie adult type thus differs con- 
siderabls from that m childhood 

Besides these immunological factors, age has an important bearing on the 
ts pc and tbe course of the disease In young children tbe Ij nipbatic channels are 
wide open anJ allow the passage of bacilli into tbe lymph stream and circulation 
easil) This, as ssell as the non-des clopment of allergy, account for tbe high 
peak of mortalitj m infancy and early childhood m Western countries As age 
increases the Ismphoid tissue increases m amount and impedes the flow- of Ijmph 
and thus mechanicall} olistmcts the passage of tubercle bacilli The fall m 
mortaht} figures hetw-een childhood and adolescence is due to the establishment 
of allerg) The allergy has decreased h) the time adolescence is reached while 
the lymphatic defence still remains immature From tins period onwards the 
mortality ain^e begins to rise owing to various conditions of low'cred vitality and 
to dosage and frequency of re-infections The final fall of the curve occurs 
after the 45th year m Western countries and 35th year in India due both to the 
increase of lymphatic resistance and to the development of immunity 

Let us try to interpret the pathologic lesions found here m terms of this 
conception 

The first thing which strikes one is the comparative low morbidity as well 
as mortality from tuberculosis in childhood up to 10 years, m verj^ marked con- 
trast to the facts ir Europe The low incidence (5 per cent) of general and 
meningeal tuberculosis is m striking contrast with the high figure of 62 7 per 
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cent in I^ondon Tuberculous meningitis occurs in only 1 per cent of the cases 
admitted into the children’s ward of the Medical College hospitals m Calcutta 
The only forms which occur with any frequency during this period are the glan- 
dular and osteo-articular tuberculosis, which are, however, more frequent here 
than in Europe This low incidence of tuberculosis m infancy and childhood m 
presence of a low degree of bacillization has always been a puzzling phenomenon 
to us We shall look forward to more definite data when children’s autopsies are 
more frequently carried out here When infants and children are exposed to 
heavy infection by being nursed by tubeiculous mothers, we found them to live 
and inciease in weight up to the period of observation utilized by us (viz, 3 
years) Most of them show, however, a large number of greatly enlarged and 
caseating cervical glands without any apparent increase in size of the hilar glands 
as revealed by the .Y-iays We have shown that these are benign forms of tuber- 
culosis caused by the human type of tubeicle bacillus Whether the non-involve- 
ment of lung tissues and the rarity of dissemination through the circulation is an 
indication of a degree of immunity possessed by such children is difficult to say 
The survey and observation of tubercular homes is being continued and it will 
take some time to arrive at more definite conclusions regarding this question 

Two important facts must be remembered m studying the pathology of the 
disease in India — - 

(1) The compaiatively low degree of bacillization of the general population 
which means that a major part of the population is imperfectly immunized , 

(2) That massive infection is the rule, whether initial or repeated, owing to 
certain social customs and habits already mentioned As evidences of this state- 
ment, we may say that we veiy often find a fair number of tubercle bacilli even 
m direct smears of the pus from glands and other surgical lesions A direct 
culture has been obtained in 14 out of 50 strains isolated by us The compara- 
tive frequency of primary intestinal tuberculosis presumably from swallowing 
heavily contaminated food and drink, and of a caseous involvement and limita- 
tion to glands of the cervical gioups points to the frequency of infection through 
mouth and pharynx The chances of contracting the disease outside dwelling- 
houses in places exposed to sunlight is very small, owing to the quickly lethal 
action of the sun’s rays in this countiy for most part of the yeai [Ukil and Basil, 
1927(11)], Soparkar(12) The extremely careless method of living iii India 
makes the chances of chronic vaccination through inhalation or ingestion of 
alternated bacilli very small 

The incidence of tuberculo-allergy rises rapidly after the 15th year when the 
diffusion of population begins to be more common We also find the different 
forms of tuberculosis m the largest numbers between this and the 40th year 

Systematic examination of lung tissues obtained from several provinces has 
shown that cavities in the lungs very rarely show smooth walls showing well- 
developed fibrous tissue The walls are usually ragged and caseous Histological 
examination of sections stained with hsematoxylm and eosm and by Van Gieson's 
method show, in most cascb, a poorly-developed connectne tissue formation 
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i:\udali\c Uiamic- aic more frcciucnt than prolifcratne reactions Involvement 
of muUtiilc areas of the kings occurs earh and shon the same changes 

\lmost all the cmcIciicc obtained point to the changes and the course of the 
disease hemg acute as compared uUh those in Europe, due to a partiallj immu- 
m 7 cd soil being imaded In massne infection The immunity of the nell-immu- 
ni 7 cd mdnidual or the imimmti dc\ eloped In minute doses received at infrequent 
mtcraals as seen m more thoroughh urbanized \Vestern countries, ne see here 
oiiI\ in mdniduals ahoie 40 ami in persons brought up m thickly populated urban 
areas The whole pathological anatomy of the lungs points to the changes being 
due to massi\e infection on an iinjicrfcctlc immunized soil The evolution of 
the form of the disease here seems to depend more on the dose of infection 
{=massi\e infection') than on the lack of unnuniity of the indiridual Secondary 
bacterial association m * open ’ lung tuberculosis arc more frequent and richer 
here than in Europe e ha\c '•hown m another paper(l3) tliat, apart from 
ulceratne processes, the association of secondare organisms increases the virulence 
of tiihcrcuiar iiacilii These factors probabU account for a more rapid course of 
the disca'-e after the lungs are once mvoKed The more acute course m females 
IS probabh due to tiieir ciose and sedentart life and to early marriage and 
child-iiearing 

The glandulo-pulmonan or infantile t\pe as seen among the absolutely non- 
unmumzcd races like the Africans, are rarch met w'lth on the autops\ table 

The following comparatuc figures will further show that the state of 
specific immunity against tnhcrailar infection attained by the major part of the 
population of India seems to he intermediate between that attained by the Africans 
and Europeans and that India and China probabh stand on the same level 


Sonic coniporatiz'c figures shozvwg tyfis of lesions found 
i “ i 


Calcutta 
Per cent 


Pdinliurgh 
' (Todd) (14) 
Per cent 


London 
(Fowler) (IS) 
Per cent 


I Yeerof’sirs on hoft'lol cases 


Total tubercular lesions 
Death due to tuberculosis 
Calcareous lesions in lungs 
(Cf Madras) 

Latent non-acti\e lesions 
Caseation in bronchial glands 
(Cf Madras) 


Spleen 
Ln or 

General peritoneum 

Pericardium 

Lannx 


17 6 

69*0 

12*8 

3/386 cases 

31 53 

640 

5 0 


5 

9*0 

261 

Ver\ few 

500 


164 

2/386 cases 

17 0 

Not noted 

13*0 


45 


8*5 



9*0 (obsolete) 
95 


2-7 
3 6 
41 
Rare 
47 0 
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II Neoopstcs on an appatcnfly healthy population 


- 

Calcutta 

Per cent 

British Soldiers 
in Etaples 
(Rose-Bradford, 
1920) (16) 

Per cent 

Pleural adhesions 

34'4 


Tubercular lesions in lungs 

66 

12 0 

Latent active lesions 

60 

? 

Latent non-active lesions 

06 

9 0 (or 75 of 



total tuberculosis) 


III Coinpaiativc incidence and deaths among B B Foicc in 1 lance in 1918 

(Cummins, 1921) (17) 



Annual case inci- 
dence per 10,000 
of annual average 
strength 

Annual deaths per 
10,000 of annual 
average strength 

Proportion 

South African Native Labour 
Corps 

186 

167 

9/lOths, 

Indian Labour Corps 

142 

53 

Nearly l/3rd 

Chinese Labour Corps 

36 

12 

1 

l/3rd 

British troops in France and 
Belgium 

10 

05 

l/20th 


Only two roentgenographs (Plate I/X) of the chest are reproduced to 
show characteristic changes — Fig 1 showing lesions in a middle-aged villager 
living away from rail routes and in a family where several had died of lung 
tuberculosis Fig 2 shows the lesions in a young medical student who had come 
to Calcutta only recently for studies and who had a haemoptysis only, being an 
ambulant afebrile case 


Conclusions 

1 Though the Indian cities are fairly bacillized, the general mass of popu- 
lation in India is imperfectly immunized against tubercular infection The 
average bacillization is yet far below that of Western countries The distribution 
has been mapped out and the causes ascertained 

2 The absence of the peak of tuberculosis mortality in infancy and early 
childhood in presence of a low degree of bacillization is puzzling and needs 
further investigation 
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3 Massne infection operates in a majoritj of cases of tuberculous disease 
and this factor actnij^ on an imperfectly immunired soil determines the type of 
lung lesions, their course, their prognosis and eien their treatment 

4 \s the ma^s of population gets more perfectlj hacillized (or urbanized), 
the tuberculous lesions n ill he more chronic in course resembling those in Europe 
The disease incidence will not dimmish cicii then unless the chances of massive 
infection are lessened 

5 The more acute course of the disease in India is parti} due, apart from 
the question of massne infection operating on an imperfeetK immunized soil, 
to the more frequent and richer sccondar} hactenal associations in ‘open’ pul- 
monar} cases and to the increase of airulence of such association 

6 Glandular and osteo-articiilar tuberculosis in India are to he considered 
as benign forms due to the human t\pc of tubercle bacillus 

7 \ii attempt has been made to interpret the patholog\ of the disease in 
India in teniis of allergic manifestation 
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[Rccci\c(l for pnblicntion, Jnl' 22, 1929] 


Introduction 

The present \\ork arose out of our studies on the ‘ Epidemiologj of Tuber- 
culosis in India ’ It lias been found that pulmonarj^ tuberculosis is a much more 
acute disease and the duration of life shorter in mo'^t parts of India than in 
Europe or America Though our epidemiological studies furnished sufficient data 
to account for this, the further question arose whether the secondary bacterial 
flora in open ’ pulmonary tuberculosis uas in any waj responsible for influencing 
the patholog) or shortening the life of the cases in this tropical country 

In this paper ne shall not consider the part pla}ed b} acute infections like 
influenza, pneumonia, eruptive fevers, etc, or iiy chronic infections like syphilis, 
malaria, kala-azar, kpros) , fungoid diseases, etc , in influencing the march of 
lesions We shall onlv consider the part placed b} secondar) bacteria in ‘open’ 
pulmonar) tuberculosis, i e , i\ hen a lesion in the lung opens into a bronchial tube 
and thus communicates nith the exterior It is iseli known tliat so long as a 
tubercular lesion in the lung remains ‘ closed,’ the tubercle bacillus alone accounts 
for caseation, cavitation and hectic fever These occur also in extra-pulmonarj 
localizations like psoas abscess or renal tuberculosis, which are absolutely closed 
lesions 

The larjing clinical manifestations and morbid anatomy of the disease pre- 
senting a complexitv of signs and sjnnptoms have been the subject-matter of 
enquiry bj various workers since Koch found the occurrence of secondary bacteria 
in the walls of tuberculous cavities in the lung in 1884 and since Koch and 
Kitasato tried to eliminate saprophytic bacteria b} repeated w^ashings of the 
sputum seven years later Opinion is sharply divided in this matter, there being 
two schools of thought One school consisting of Babes, Spengles, Sehabed and 

( 849 ) 
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others think that the lungs are sooner or later invaded by secondary organisms 
and that a considerable proportion of the patient’s symptoms is attributable to 
secondary infection, specially hectic fever and aggravation of the general condi- 
tion They, therefore, advocate the use of mixed vaccines in combating secondary 
invasions The other school, consisting of Sergo, Karl Thue, Halbron, Bezangon, 
Biros, Chevalle\ (1923) and others(l), think that, in a majority of cases, the 
tubercle bacillus alone is the dominating factor m producing cavities, temperature 
and toxic symptoms, and that secondary bacteria, when found, come from conta- 
mination during the passage of the sputum through the air passage and mouth 
m the process of being coughed out The latter school think that, m a majority 
of cases, the secondary bacteria are not associated with tlie tubercle bacillus in the 
anatomo-pathological processes and that the findings of previous workers in the 
line weie vitiated by the fact that the sputum after collection was either not 
washed through several changes of saline or not examined within 3 liours after 
leaving the body Hsemoculture has given negative results with them, except 
towards the last stages They think that, when secondary bacteria are present, 
It is an evidence of bronchial engorgement and inflammation or of pharyngeal 
catarrh 

Inman (2) of the Brompton Hospital in London made a study of the subject 
in 1912 and his conclusions were as follows — 

f 1 ) In nearly every case of ‘ open ’ tuberculosis of the lungs, the tubercle 
bacillus IS the predominant infecting agent 
(2) Determinations of the opsonic index show that secondarj infections do 
occur in practically all cases of ‘ resting febrile ’ cases and, in a fair 
number of cases of ‘ ambulant febrile ’ cases, the actual proportions 


being — 

Febrile Afebrile 
cases cases 

Per cent Per cent 

Infection by T B and secondary infection 87 5 54 1 

Infection by T B alone 12 5 41 6 


(3) The temperature chart alone cannot determine the presence or absence 
of a secondary infection 

Courinont and Boissel(3) earned out a large series of experiments at Lyons 
(France) and published their results m 1924 They found that while secondary 
infections were much less frequent than was formerly supposed they were present 
in a considerable proportion, viz , 20 per cent, while in the remaining 80 per cent 
the tubercle bacillus alone was sufficient to produce every form of anatomo- 
pathological lesion of the lungs and all the clinical varieties of the disease They 
tliought that these microbial associations affected the prognosis of the cases 

Efforts have been made from time to time to ascertain the bacterial flora in 
cavities post-mortem Wassermann and Cornil combined a bacteriological study 
of the sputum with a subsequent search for micro-organisms recovered from-the 
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ciMtic^ posl-morlcin 'I lie u■MlIt^ in (licit liaiuls on (lie whole corresponded 
\ciIlon and Rcpaci (1^I2)(-I) made a bacteriological iinestigation of material 
from ia\ities obt imcd post-mortem using both aerobic and anaerobic culture 
mctliods '1 lic\ concluded lliai in a ttiajont\ of cases of open pulmonar} tuber- 
culosis sccoiidar\ organisms were present and that in rare cases Koch’s bacillus 
alone was present '1 hc\ isolated \arious aerobes and anaerobes from the contents 
of caeities and thought that the seeondarx aerobie organisms did not influence aery 
much the appearanee ot sputum whereas the anaerobic organisms, when present, 
were often responsililc for the fadita of the sputum or gangrenous condition of 
the lungs -• 

In our studs we base utilized onh the •.putum of open pulmonary cases and 
base refrained from making a comparatue studs of the material from casities, 
lor the reason that there is no cool chamber for presersing dead bodies in hospitals 
in Calcutta and because post-mortems often base to be done long after death 
Such materials, esen if studied, would not represent the actual bacterial flora m 
casits cases We reserse this for a comparatise studs later on 

\^ e base followed a careful technique svhich svill be detailed beloss 

TECHMQUt FMPLOSED 

\ umber of casts studied — In all 100 cases base been studied, but the data 
from 40 cases only are included m this paper, as being those in which an unim- 
peachable technique has been followed All the cases belonged to the Tuberculosis 
Ward of the Medical College Hospitals, Calcutta 

CoUcetlou of sputum — The patients ssere asked to clean their mouths 
thoroughly by rinsing and then to cough out from the inner air passages into 
sterile glass tubes in presence of a worker under this enquiry The materials 
were immediately brought to the laborator\ and the study begun 

Procedute of etamtualwu — A yellow' particle of sputum was taken and 
washed successnely through several changes of physiological saline m test tubes 
each containing 10 c c Washing was continued so long as bubbles of air came out 
of the particles of sputum 

A good deal of divergence of opinion exists as to the best method of getting 
rid of the saprophytic organisms m the bronchial and nasopharyngeal passages 
It was, therefore, thought necessary' to make a comparati\e study oefore getting 
on to a fixed method of investigation 

Smears as well as cultures of each sample of sputum w'ere made before 
washing and after washing 3, 4, 5, 8 and 10 times in sterile physiological saline 
The following conclusions were armed at — 

(1) The number of all micro-organisms diminishes (in smears) by washing, 
the more they are washed the more they dimmish m number But 
the secondary organisms dimmish much more quickly m number than 
the tubercle bacillus Repeated w'ashings dimmish the number of 
tubercle bacilli by only 15 per cent, W’hereas 50—60 per cent of the 
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secondary organisms are washed out by 4 washings, 60 — 80 per cent 
by 5 washings and 80 — 90 per cent bj^ 8 — 10 washings 

(2) The numerical proportions were noticeable to a less degree in cultures 

(aerobic) Even wheie no secondary oiganisms were detected in 
stained smears, a fair number of micro-organisms appeared on the 
surface of the culture media 

(3) The cellular elements are much reduced m the process of washing (by 

l|3rd), but the relative pioportion of leucocytes m differential count 
remains the same 

About 2|3rds of the samples of sputum included in this study were washed 
4 times and the rest 5 — 8 — 10 times before the findings were recorded 

Bxaimnation of snieais — Three thin smears of the washed out sputum were 
made and stained by Gram's method, Ziehl-Neelsen's method and Eeishman's 
stain respectively 

The varieties and relative proportion of micro-organisms and of cellular 
exudate were noted 

CultMe (aoobic) — A loopful of the cleaned sputum was taken and planted 
on to Loewenthal's medium, blood agar, nutrient agar media and to lactic acid 
agar (0 3 cc of 5 per cent lactic acid to each tube) if yeast cells were present 
Colonies were next identified m the usual course 

CnliHie (anaoobic) — A washed particle of sputum was emulsified m nutrient 
broth and transferred on to glucose broth, egg brofh and Veillon’s deep agar 
media Oxygen was absti acted from the liquid media b> vacuum Obligatory 
anaerobic colonies were fished out and purified by a modification of Veillon’s 
technique Pure colonies were cultured m glucose broth media and various 
quantities were inoculated into guinea-pigs to determine their pathogenicity They 
were cultured in egg broth to find out if they possessed any pioteolytic action on 
egg-albumin 

Animal inoculation — Guinea-pigs were inoculated with emulsified unwashed 
sputum intramuscularly to find out the action of the sum-total of bacterial asso- 
ciations in the whole sputum Guinea-pigs were also inoculated intramuscularly 
and subcutaneously with each strain of aerobe and anaerobe isolated singly as well 
as in various combinations with each other and with the tubercle bacillus to 
study the action of microbial associations 

Evidence obtained 

I Diffei cntial count of leucocytes in sputum smcais 

A differential count of leucocytes in tlnj sputum was made to see if there 
was any relationship between the anatomo-p/athological lesion, signs and symp- 
toms and the count All the cases were ‘ resting febrile ’ and ‘ open ’ pulmonary 
The duration of illness of the cases varied from 2 months to 1-^ years, except in 
3 cases ivho had been struggling for 3 or 4 years 
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The following list spooks for itself It will he found that no information 
regarding the t\pe or sc\erit) of a lesion can he gathered from such counts 



Mininuitn 
ind nn\i- 
imini tem- 
pentiirc (in 
degrees 
rihrcnhcit) 


DuiiuiNTiAi COUNT or iCUCOCtTES 
Pnt CFXT 


Nature and c\tcnt of lesion 

Poljmorpho- 

nuclcar 

Small mono- 
nuclear 

Large mono- 
nuclear 

Eosinophiles 

1 

90-101 

Con'Jolidation — upper liali of 

right lung 

1 

72 

28 



2 

99-100 

CaiiU — let! Incc 

30 

70 



3 

9S4— 100 

Criisrlidation — right apc\ 

10 

' 90 



4 

9S-4— 101 

Consolidation — right apev 

24 

74 




9S4— 102 

CaMt\ — right ape\ 

56 

44 



6 

100—104 

Consolidation — whole of right 
lung 

98 

2 



7 

99-101 

Consolidation — right base 

32 

68 



8 ' 

98—100 

Consolidation — nght Inse 

96 

4 



0 

98-100 

Consolidation — left base 

80 

16 

4 


10 

99—101 

Consolidation — both lplcc^ 

80 

20 



11 

97 5—102 

Consolidation — both apices 

68 

24 

8 


12 

97 5—100 

Consolidation — left apc\ 

60 

36 

4 


13 

97 5—100 

Consolidation — both apices 

60 

I 36 

! ^ 


14 

99—102 

CaMtj — right apc\ 

65 

31 

4 


IS 

99-102 

Consolidation — both apices 

65 

30 

S 


16 

99-5—103 

CaMtv — left apcN and base 

36 

56 

4 

4 

17 

99—101 

Consolidation of whole of back of ! 
left lung 

44 

40 


16 

18 

97—101 

Consolidation — right upper lobe 

60 

40 



19 

98-4—100 

CaviU — right ape\ 

36 

60 

4 


20 

98-4—101 

Consol dation— left apex and left 
base 

76 

20 

4 


21 

97—102 

Consolidation— multiple areas all 
oaer left lung 

64 

30 

6 


22 

99-101 

Multiple areas of consolidation — 
nght lung 

80 

IS 

5 
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Minimum 
and luixi- 
mnm tern 
perature (m 
degrees 
Fahrenheit ) 

23 100—103 

24 98 4—101 

25 y7—99 

26 99—102 

27 97—99 

28 98 5—100 5 

29 98 4—100 

30 99—101 

31 99—102 

32 100—103 

33 99—102 

34 97—101 

35 97—101 

36 97 — 99-5 

37 98 * 4—100 

38 97—102 

39 97—100 

40 98 - 4—101 


Nature and extent ot lesion 

Areas of consolidation — both 

lungs 

Multiple areas of consolidation — 
both lungs 

Cavit}'— right apex 

Alultiple areas of consolidation — 
both lungs 

Consolidation — right apex 

Consolidation — right apex 

Consolidation — right apex 

Consolidation — both apices 

Multiple areas of consolidation — 
both lungs 

Cavity — both apices 

Cavity — upper left lobe 

Consolidation — left lower lobe 

Consolidation — right base j 

Pleuntis — ^left base \ 

Consolidation — left lower lobe 

Consolidation — left base 

Consolidation — both apices 

Consolidation — left apex 

Afultiple areas of consolidation — 
both lungs 



Eosinophiles 
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77 Micro-orgatnsms present tn sincats 

Besides tubercle bncilli, smears showed a %arying number of the following 
organisms in order of frequency — 

Sltcplococcus 
MnrocociUi. latiUihalis 
SiapJty lococi tf r aureus 
Micrococcus iciiaqcnus 
Influenra bacillus 
Yeast cells 
B colt 

Pncuinococcw; 

B pscudodiphthcria 
B Ft tcdlandcr 

Fusiform bacilli and spirochaitcs (5 per cent of ca^es) 

Gram positne non-acid-fast bacilli which could not be recovered on culture 
(50 per cent of eases) 

III Mtcto-organistus recovered by aerobic cultuic 

Per cent of 
cases 


Stieptococcu^ nou-h(cmoJyticus 40 

Do Iicvmolyticus 40 

Do vntdaus 15 

Staphylococcus auicus 7 5 

Pneumococcus 7 5 

Yeast cells 7 5 

Micrococcus catatt halts 5 0 

Organisms of tbe B colt group 3 7 

Diphtheroid bacilli 3 7 

Mtctococcus tetiagenus 3 5 

Pfeiffer’s bacillus 3 5 

B Friedlander 2 0 


IV Miaa-otgamstm isolated by anaeiobit cultuic 

Obligatory anaerobes were isolated in 11 cases, of which Sit epfococcus aiiaeio- 
btciis was present in 2 cases and the rest were cocci ui clumps which behaved 
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rather loosely towards Gram stain Some of the latter agreed with the descrip- 
tion of Streptococcus pmvuhis of Veillon and Repaci showing small fine ovoid 
diplococcus or small chains arranged side by side or in clamps Such organisms 
have previously been described by Lewkowicz (in the mouth of the new born), 
by Lippmann (in biliary infections) and by Jauiiin (in puerperal infections) The 
colonies are shy to grow, taking 3 to 5 days for a good growth Subcultures are 
easy to make in recent cultures but are difficult in old cultures, for the reason that 
they require frequent subcultures to keep them living They did not show any 
proteolytic properties The anaerobic flora in non-putrid pulmonary tuberculosis 
in this country does not seem to be so rich and varied as in Europe 

The naked eye appearance of the colonies in deep agar and the microscopic 
appearance of the organisms are depicted in the microphotogiaphs reproduced 
below — t 

Patiiogenicity experiments 
Ducct subcutaneous inoculation of the sputum 

In each case a fairly opaque emulsion of the sputum was made in normal 
saline and 1 c c was inoculated subcutaneously into two guinea-pigs This was 
done with a view to find out the action of all the microbial associations as they 
existed in fresh sputum The animals were observed from day to day and the 
lesions were noted On death, an autopsy was made as well as a hsemoculture 
HEemoculture was invariably negative — the results were as follows — 





Per cent 

Considerable swellmg and other signs of inflammation 

10 4 

Do 

do 

and death 

7 8 

Do 

do 

and abscess formation and death 

5 2 

Moderate swelling 


28 6 

Do 

do and abscess formation 

2 6 

Do 

do 

do and death 

26 

Slight swelling 


23 7 

Do do 

and 

abscess formation 

2 6 

Do 

do 

do and death 

2 6 

Do 

\ 

No lesions 

do 

death 

5 2 



5 2 


The inflammation lasted for from 3 days to 3 weeks, the animals dying latei 
on from tuberculous lesions 



A G Uhl 


857 


Pathogciucitv of aaohn oiganisms isolated 
Usual!} a 24 hours* broth culture of the organisms was inoculated mtramus- 
ailarh into the thigh muscles of the gumea-pig and the swelling or other lesions 


were noted from da} to da} 



Dose iiiocii- 
htod in te c 

* 

Lesion 

Dose inocu- 
htc,d in c c 

Lesion 

'^tnf’tococnis Iktiiw- 

hltctis 

0-5 

Slielit sttclliiiR 
subsidinp in 2 to 
4 (h\s 

ZO 

A moderate degree 
of swelling, sub- 
siding in 2 to 4 
dais 

Strcpioioccus iwii-lurmo 

htlCUS '' 

0-i 

Do 

20 

Do 

Sircl'lococcus t indait ? 

0-s 

Do 

:o 

Do 

rococais calarritalif 

0-5 

A'l/ 

:o 

\ cri slight swell- 
ing 

Pncutiincocciis 

0-5 

Ah/ 

10 

Swelling -f-h sub- 
sided in S dais 

Sioffwlococciis fliirciis 

0-5 

A'l/ 

170 

Slight sw elluig 

subsided in 4 
dais 

Pfeiffers bacillus 

i 

(r23 

Ah/ 

1 

0-5 

t 

1 

} 

/ 

Experiment re- 
peated 4 times 
All the guinea- 
pigs died Stib- 
pcritoneaf ha:- 
morrhages exu- 
dation of sero- 
sanguinous fluid 
in peritoneal, 

cavitj , kidnci s 
congested Site 
of inoculation 
moderate!} 
swollen H-emo- 
culture negatne 

B coh 

0-5 

Swelling -f-i- 

de\ eloped into 
an absce>s in 
7 dajs 

10 

Q2dcma around 

site of inocula- 
tion Swelling 

-f--h Death m 6 
cases B coh 
isolated from 

h'emoculture 

B p\oc^aiicus 

05 

(Edematous swell- 
ing -f-f- sub- 
sided in 6 dais 

10 

CEdematous sw ell- 
u'g 4-4- animal 
died in 48 hours 

Diphtheroid bacilli 

0-5 

\hf 

20 

Nd 

B Frtcdlaiidcr 

0-5 

Nil ' 

1 

1 

f 

20 

Slight sw'cllirg 

subsided m 4 
days 
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Pathogenicity of anaei ohc o) gamsms isolated 
A 24 hours' culture of the pure organisms in glucose broth was inoculated 
intramuscularly into 2 guinea-pigs Lesions were noted in tlie shape of swelling 
and tumefaction of the thigh and were classified into 3 categories — slight (-f), 
moderate (-j — [-) ^^'’d marked (-| — | — h) swelling None of the animals died but 
those which suffeied from considerable swelling and oedema remained ill and 
inactive for a variable number of days The animals were observed from day 
to day and the lesions noted 

The details are given m the following table — 


Description 
of strain 

Dose inocu- 
lated in c c 

Degree of 
inflam- 
mation 

Inflamma- 
tion subsided 
in 

Dose inocu- 
lated in c r 

Degree of 
inflainx 
mation 

Inflamma- 
tion subsided 
in 

Cst 




50 

+"f-4- 

12 days 

8t 


+ 

2 days 

50 

-j — j — 

15 „ 

IIL 


+4- 

4 

50 

++ 

9 „ 

12t 

10 


4 ,, 

50 


7 , 

]5t 

10 

+ 

2 „ 

SO 

++ 

5 „ 

16P 

10 


7 .. 

50 

-i — 1-4- 

9 

17P 

10 

+ 

s 

50 

-f-h 

5 ,, 

18t 

10 

+-l- 

4 „ 

50 

+++ 

6 „ 

20t 

10 

+ 

3 „ 

50 

~h 

4 „ 

23t 

10 

+ 

3 .. 

50 

+ 

3 

2]t 

10 

-h 

3 

50 

4- 

3 „ 


Association expenments (in vivo) 

No microbe is indifferently present in a lesion It must either assist or 
retard the action of one or more of the other miciobes present in the lesion 

The end results or symptoms and signs in a case depend on a resultant action 
of all the microbes present in a lesion The severity of a case depends on the 
quality and quantity of the microbes, on the intensity of their bacterial interac- 
tions, on the local and general predisposing factors present and on the individual 
susceptibility of the animal 

To find out whether the micro-organisms isolated on culture after a thorough 
washing of the sputum could in any way, by their interactions, influence the 
lesions produced in guinea-pigs separately as well as in presence of the tubercle 
bacillus, we perfoimed three senes of experiments — 

I Association between different \arieties of aeiobes 
II Association betw'een aeiobes and anaeiobes 
III Association betw'een aerobes and anaerobes and the tubercle bacillus 
\ 
















A C Uhl 


859 


7 J^sonalwn hchcmi oriobic bartoia i<;p}aicd ftom the zvashed sputum of 

cavtiv eases 

\ 24 hniirs’ culture in gluco'^c (1 per cent) broth \\a'; employed throughout 
the expennuut'- 'I'lic do'^cs were \aned In smtahlc permutations and combina- 
tion':, cmplo\ mg a ':mall do':c of one microbe and a bigger dose of the other and 
■vice ^er‘^a The inoeulations were gnen suhcutaneousl) into guinea-pigs of 
approMinatel} the ■'aine weight, the lesions were observed from day to day and 
wecU\ weights were taken, keeping some unmoculatcd animals as controls at the 
same time 



Microbic assocnlion 

Dose 111 c c 

Lesion 

I 

Streptococcus ( hvinoK ticiis ) 

-t- Streptococcus (non li-cmoKticus) 

0-5 1 

:o ' 

Sligiit sw 

clhng subsiding m 3 da>s 

u 

Strcvitococcus (h'cmoKticus) 

:o ) 
0-5 I 




3 


+ Streptococcus (non h-emoU ticus 1 

t 

f 



III 

Streptococcus (h'cmotiticus) 

0-5 ) 

05 1 




3 


-c Streptococcus (Mridans) 

» 

tt 



IV 

Streptococcus (hxmohticus) 

05 1 
20 






4-Strcptococcus (\iridms) 

f 

it 



V 

Streptococcus (non-iixmot\ ticus) 





4 


-f Streptococcus (iindans) 



it 

tt 


VI 

Streptococcus (lixmoUticusl 

0-5 1 

0*5 f 






•f Streptococcus (non-li-cmoh ticus ) 

» 

tt 

tt 

tt 4 ff 


-(-Streptococcus (iindans) 

0-5 i 





\II 

Streptococcus (luctnoh ticus) 

z-o 




'I 


-(-Micrococcus catarrhalis 

era { 


it 

tt 

It « ft 

VIII 

Streptococcus (ln:mol> ticus) 
4-Micrococcus catarrhalis 

erS f 

20 { 


it 

tt 

t 3 tt 

I\ 

Streptococcus (li-cmob ticus) 

20 

0-3 { 





X 

-{-Pneumococcus 


ti 

It 

tt w tt 

Streptococcus (iTcmol} ticus) 

0-5 1 

20 { 

Moderate 



K 


-(-Pneumococcus 

1 

tt 

it 'J tt 

XI 

Streptococcus (h-emoh ticus) 
-i-Staphi lococais aureus 

'-9 1 

05 ) 

Slight 

It 

tt 

„4 „ 

XII 

Streptococcus (Incmoljticus) 

0-5 t 

20 J 






-f Staplnlococcus aureus 

f 

tt 

tt 

„ 4 „ 

XIII 

Pneumococcus 

20 1 






-1- Staphs lococcus aureus 

0-5 j 

1 > 

tt 

»» 

>, 4 „ 

xtv 

Pneumococcus 

(r5 \ 






4-Staphjlococcus aureus 

20 1 

t 

» 


it 4 „ 

XV 

Streptococcus (h-tmolj ticus) 

-f Pneumococcus 

05 1 
05 




. 4 


-{-Staphilococcus aureus 

05 1 






\nd so on \’ith the other microbes isolated 

Controls were kept In the inoculation of single organisms also 
Besides the local inflammation, no animal died or lost much w eight 


II .Usociation bcticctn aerobes and aiiaciobcs 
In tins senes of experiments, the aerobic bacteiia were inoculated nitramus- 
cularlj , both singly as w ell as in different combinations to 


as con' 
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Single aerobes as well as multiple aerobic combinations were mixed with each 
variety of anaerobe isolated during our study The lesions were noted from day 
to day and weekly weights recorded as usual Experiments were repeated in case 
of the least doubt arising as to the result of an experiment 

Space will not permit us to quote all the experiments in this series A typical 
set, when quoted, would be as follows — 
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Similar combinations \\crc made with other acrohic organisms isolated, such 
as Pnciiwococcus, B colt, etc 

It will he seen that in the association experiments with aiiaeiobes, a smaller 
qiiantit} of aineiohic ciillnre was taken than cinplojcd in the control experiment 
with the anaerobe alone, to see if, when no lesions arc produced In such a small 
dose of the anaerobes, the association with aciohic bacteria enhances the lesions 

Result 

\s a result of the association IicIwclii aerobes and anaerobes, the reaction, 
1 C , swelling and tvuncfaclion of the inoculated region was augmented m 5 cases, 
diminished in i cases, unciiangcd m ^ eases 

III Issoiialioii of (Kiohts aiuiiiolhs aitd tlii iubitclc bctullus 

Before performing the association experinieiits, a cotUiol etpenmeut ivas 
done !i\ inoculating 12 gumea-pigs, weighing from 275 to 300 grammes, subcutane- 
oush with a strain of the tubercle bacillus, labelled as strain ‘4 S,’ isolated from 
sputum, 0 01 mg of whicli killed the anmiali, between the 41st to 45th da)" On 
autops), the inguinal glands were found enlarged and caseous and the spleen 
studded with tubercles 

In all autopsied animals, smears were made from the inguinal and pelvic 
glands, spleen and other organs showing tubercles with the naked eye and examined 
under the microscope after staining b\ Ziehl-Xeelsen method A hfemoculture 
was iinariabl) made from heart blood, to exclude accidental death or death from 
other infections The general appearance of the animals w'as noted and the 
weights recorded e\en week 

For the association experiments, 2 an mals w ere inoculated w'lth the same 
doses and m case of any doulit such cx] enments w'ere repeated more than once 
Animals weighing between 275 to 300 grammes were emplo)ed throughout the 
experiments 

One of the experiments is quoted below for illustration — 

Tubercles were found m autopsied guinea-pigs as earl) as 15 da)s and as 
late as 40 days after inoculation The acerage period of duration of life of these 
guinea-pigs was 23 days 

Secenty per cent of the animals employed in the association experiments 
died wuthin 3 weeks show'ing rapid loss of weight, loss of hairs, asthenia and 
anorexia 

The tw'elve control animals inoculated with the tubercle bacillus did not show 
such a rapid emaciation and loss of hairs 

Discussion 

One great argument put forward by the school of workers who consider the 
role of secondary organisms as insignificant m ‘ open ’ pulmonary tuberculosis is 
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that if the sputum is properly washed several times by Kitasato's method very 
few secondary organisms are found in smears 

As a result of our experiments we are inclined to state that the secondary 
organisms certainly greatly dimmish in number after each successive washing, so 
does the tubeicle bacillus also, though much less quickly In cases with nummular 
sputum, very often only tubercle bacilli are seen in smears But if these sputa 
are cultured, more than one vaiiety of secondar) bacteria will be found on the 
surface of the medium The slowness in the i eduction of the number of tubercle 
bacilli in sputum by repeated washing may be due to the adhesive property of the 
fat-enveloped bacilli 

Because tubercle bacilli are washed out moie slowly than other organisms in 
the sputum, Be7an§on, Chevalley and other (1923) failed to find secondary 
organisms m smears (in 37 of 58 cases) They also corroboiated these results 
by examining the contents of cavit es w’ eie they found only tubercle bacillus m 
10 out of 13 cases exam ned They were, therefore, led to think that, in a 
majority of cases, secondary organisms do not play any lole m the tubercular 
process But they admitted that a real association existed between the tubercle 
bac Ill’s and aspergillo«e, mon ha, pneumococcus and anaerobes On the other 
hand, such a careful techn'cian as Veillon, in col'aboration with Repaci, found 
(1912) that the 'crapings fiom cavity walls shoued secondary organisms in the 
majOPty of cases According to him, pure tubercle bacillus infection was rare 
TI ej classified the cases into 2 groups — 

(1) those in winch aerobe bacteria predominated, and 

(2) those w’here anaeiobic bacteria took a moie prominent part They are 

usually present in putrid processes and cause much more damage to 
the lung tissue than aerobic organisms wdiich do not seem to do much 
damage to the tissues surrounding a cavity 

Wassermann and Cornil compared the flora m tubercular sputum with that in 
the contents of cavities and found a large number of organisms which w’ere 
present in both the places 

Inman (1912), in Ins studies on the subject, considered the tubercle bacillus 
as the predominating agent m ‘ open ’ cases of lung tuberculosis, but he was con- 
vinced from his data regarding the determination of the opsonic index that 
secondary organisms played a part in all ‘ resting febrile ’ and a majority of 
‘ ambulant febrile ’ cases 

The importance of the part played by secondary bacteria in pulmonary tuber- 
culosis in certain Uqies of cases (eg, cases wuth periodical exacerbations of tem- 
perature wuthout any apparent cause) has been emphasized by Wingfield (5) 
(1923), Young(6) (1924) and others 

In 1924, Courmont and his associates at Lyons, in the course of their studies, 
found that secondary infections were responsible for symptoms like hectic fever 
and aggravation of the general condition in 20 per cent of cases, while in the 
remaining SO per cent they thought the tubercle bacillus alone was sufficient to 
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produce e\cr\ form ol nInlonl!c^l Ic'iion in tlic lunc;‘= They found vaccine treat- 
ment to be of benefit where the lesions were not see ere or extensne Their 
obscreations were hnntcd to acrnlnc organisms onU 

Ldeers of the lungs and inlcstincs can hardlj aeoid pollution But the pre- 
sence of one or more of the as<;ocntcd baetcria is not sufficient to assign to them 
the role of a pathogenic association To aeoid the saprophetic organisms, a 
thorough washing of the sputum is a neccssite, but it is not fair to conclude that 
simple becau-e other bacteria besides the tubercle bacillus, are washed out, thej 
do not plae anj role in association with the tubercle bacillus m the tubercular 
process Be our association experiments on guinea-pigs, eec hae'C shoeen that the 
association of vacrobie and of acro-anacrobic baitcria sometimes augments the 
lesions \\ e haee lurthcr shown that the duration of life of the animals inoculated 
with the tubercle bacillus along with secondare organisms is reduced b} half in 
most of the cases, as coininrcd with that of the control animals inoculated with 
the same dose ol the tubercle bacillus alone I rom our experiments we were not 
able to obserec ane gro-s alteration ot the site of inoculation leading to such 
eeent We are, therefore, led to bchcec that the association of sccondar} bacteria 
III zivo increases the Mruicnee of the tubercle bacillus 

COXCLLSIOXS 

1 Repeated washings ot tubcrcuhr putum d m n sh the number of tubercle 
bacilli b} onh 15 per cent whereas 50—60 per cent of econ lar\ organisns are 
washed out Iw 4 successue washings 60—80 oer ceit b> 5 \ ashmgs and SO — 90 
per cent b) S — 10 washings m plnsiological saline 

2 Eacn if secondan organisms are rare in smears after being w'ashed, 
cultures jield a fair number of organ sms 

3 Secondan organisms seem to be more frequently present in caMtj’ cases 
m this countr) than m Europe 

4 The cellular elements in sputum are much reduced in the process of 
washing, but the relatne proportion of leucocjtes in differential count remains 
unaltered 

5 The differential count of leucoc\tes m the sputum of open pulmonary 
tuberailosis does not give an} reliable indication as to the seventy or nature of 
a case 

6 Of secondar} aerobic bacteria, Sficptococcus hcriiwlyttcus is as common 
as Streptococcus uoii-liccmolyticus No difference between the tw'o in vinilence 
could be ascertained b} animal inoculations either w ith other aerobic or anaerobic 
bacteria or with the tubercle bacillus The associations have been usually polymi- 
crobial 

7 Anaerobic associations are fairly common (11 out of 40 cases) m tuber- 
cular sputum in this coiintr}, but being of mild pathogenicity, they do not seem 
to take anj active part in the anatomo-pathological process, except in gangrenous 
or putrid cases The different larieties found have been described 
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8 The association of aeiobic with anaciohic bacteria isolated fiom the sputum 
aids each other’s action and augments the lesions m inoculated ginnea-pigs in a 
fair number of cases 

9 The association of secondaij organisms seems to heighten the virulence 
of the tubercle baallus in inoculated guinea-pigs It is quite possible that the 
same phenomenon takes place in tubercular cavities in the human body, apart 
from their action m hastening the ulcerative processes 

10 Attention is drawn to the results of our epidemiological studies where 
imperfect immunization of the population m India has been put forward as a 
factoi in pioducing the anatomo-pathological picture in various tubercular lesions 
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E\pi wATioN or Pt,\Ti LXI 

\ppc^r^nce of Colonics of Obligator} 'Xnacrobes in Deep Agar 
Fig 1 Cst Cocci in short clnins and clumps (X 12 5) 

„ 2 16P Cocci in clumps (X 12 5) 

„ 3 ISt Cocci in short chains and clumps (X 12 5) 

„ 4 17P Cocci in small clumps (X 12 5) 

„ 5 lit Cocci in clumps (X 12 5) 

„ 6 23t Cocci m short chains and as diplococci (X 12 5) 

„ 7 20t Cocci m short chains and diplococci (X 12 5) 

„ 8 15t Cocci in short chains and clumps (X 12 5) 

„ 9 8t Cocci in short chains and clumps (X 12 5) 


J, MR 


15 



ExpIvA NATION OP Platc EXII 
Fig 1 1 IE Appearance of Gram-stained cocci X 450 * 

„ 2 15t Appearance of Gram-stained cocci X 450 
„ 3 20t Appearance of Gram-stained cocci X 450 


*The appearance of the microbes became hazy under the photomicrographic apparatus by 
increasing the magnification We were, therefore, obliged to take a photograph under a 
lower power 





ON THE DESICCATION OP ANTIVENO]\rOUS SERUM AND 
THE VALUE OF THE DRIED PRODUCT AS AN 
ANTIDOTE AGAINST SNAKE BITE 


Part I 
BY 
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{Prom tJir Coilra} Rcsraich fCosfiBti ') 

[Rocei\ cd for piihlicition Jtdv 23 1929 1 


Introduction' 

Anth'Enomous Senim, as prepared at the Central Research Institute, consists 
of the untreated scrum, issued in its original form, of horses highly immunized 
against the mixed venoms of Cobra and Russell's Viper This semm shares 
with all other sera of this nature the defect that after some years its potency 
gradually diminishes, while with ageing a somewhat heavy deposit of the serum 
proteins is formed, so that the antivenin, even though it may still retain its 
original potency to a considerable degree, is unsuitable, without previous filtra- 
tion, for intravenous injection by which route its curative properties are best 
manifested 

I have been able to find little published work on the use of desiccated anti- 
toxic sera as therapeutic agents or with reference to the retention of their potency 
over long periods of time, but that even so unstable a substance as complement 
suffers relatively little loss, and retains its titre unimpaired for long periods in 
dried serum is evident from the w'ork of Koenigsfelds and other investigators, 
especially in Germany There seems no reason, therefore, wh> the therapeutic 
employment of desiccated antivenomous serum should not be practicable 

With regard to this serum, it has, in fact, long been the practice of the 
Pasteur Institute of Lille to issue antivenomous serum in the dry state This 
must have been instituted somewhere between the years 1901 and 1907, m a 
small brochure published at Lille in the former year and entitled ‘ Notice sur le 

( 867 ) 
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Serum Antivenimeux et sur le Traitment des Morsures de Serpents ’ it is meu- 
tfoned (pp 18-19) that the sentm is issued in the usual liquid form, Calmette, 
however, in his book ‘ Ces Venins, les Animaux Venimeux et la Serotherapie 
Antiveninieuse/ published in 1907, mentions on page 260 that dried antivenomous 
serum is issued from the Pasteur Institute According to Calmette, the dried 
serum remains unaltered almost indefinitely He mentions a 10 per cent solution 
as suitable for injection He does not, however, refer to the method of drying 
the setum nor to any comparative potency tests of the original and the dried 
serum which may have been earned out, nor have I been able to find any refer- 
ence to such work in the literature 

More recently, some unpublished experiments, carried out by Caius and 
Iyengar m India during their work on the concentration of antivenin, included a 
senes of experiments with desiccated serum Father J F Cams, sj, has very 
kindly placed his notes at my disposal and the foregoing remarks are extracted 
from these notes The problem they were engaged on was the possibility of 
obtaining a definite concentration of the antivenin contained in the serum of 
immunized horses bv a variety of methods, including desiccation either of un- 
treated serum or of serum previously treated in various ways From the results 
of the few experiments they carried out on the lines that I have followed m this 
present work, it appeared that desiccation w vacuo over sulphuric acid was 
leadily brought about and that the senitn when re-dissolved in approximately its 
original quantity of fluid more or less retained its original potency, but that no 
useful degree of concentration could be obtained by this means, this line of 
inquiry was therefore not followed up by them and comparative tests to estimate 
the relative keeping properties of the original and the desiccated serum were not 
done In their work Cams and Iyengar re-dtssolved the dried product in 0 4 per 
cent saline, and although solution occurred readily there was in all cases a con- 
siderable precipitate which was apparently protein thrown out of solution by the 
excess salt 

The object of the work I have undertaken is first the detei mmation of the 
most suitable and practical method of desiccating antivenomous serum in such a 
way that the dried product loses little or none of its potency in the process of 
drying, while it is still capable of being readily re-dissolved in a solution suitable 
for intravenous injection , secondly, evaluation of the respective keeping property 
of the two sera by means of repeated potency tests at intervals of tune, with 
the dried product and its corresponding untreated serum 

Method of preparing dried antivenin 

The serum used throughout these experiments was obtained in the manner 
which IS m routine use at the Central Research Institute, Kasauli, for the pre- 
paration of antii enm The immunized horse, after estimating roughly the titre 
of the serum, is bled aseptically into sterile conical flasks of about two litres 
capacity The serum is allowed to separate out of the clot and is decanted over 
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into a similar flask hence it is filled into 40 cc capsules by Maynard’s method 
The scrum of several horses was collected in this w-ay, some being that from one 
horse onh and some the pooled serum of or 4 horses Some of the serum 
collected was set aside for the purpose of comparative potcnc> tests during the 
course of the experiments while the remainder was used for the preparation of 
the dried product Each hatch of scrum before hcing used for the experiments 
was tested for sterility, and its potenej against cohra venom w'as estimated by a 
biological test m pigeons 

\'anous methods of drying the serum w'ere tried before one w’hich appeared 
to answer all requirements was devised Of the methods for drying the serum, 
the most oIimous seemed to be the application of heat A quantity of liquid serum 
was placed in sterile Petn dishes and kept till dry at temperatures betw'een 37° C 
and 42°C and also at room temperature attempts to dr> the serum m this 
way were, howe\er, soon abandoned, for at room temperature the time required 
was \cr^ great and contaminations were numerous^ while at the higher tempera- 
tures, although desiccation occurred fairlj rapidly and without many contamina- 
tions the resultant product dissoUed either \eO slow!}, or solution w'as incom- 
plete, while such solutions as were obtained w'Cre far from clear 

The method finally decided upon, and which gave the most successful results, 
is the follow ing — 

The apparatus consisted of two glass-dishes, one an ordinary 1 inch deep 
b} 4| inches in diameter Petri dish and the other a deeper and slightly larger 
dish 2 inches deep by 5 inches in diameter Two flattened glass rods are 
fixed with plasticine over the mouth of the larger dish forming a stand on which 
the smaller Petn dish rests A bell-jar wnth two openings and a ground-glass 
plate complete the apparatus required 

A quantity (about 40 c c ) of the serum, previously tested for sterility, is 
carefully measured with a sterile pipette and placed m the sterilized Petn dish and 
coiered wnth the lid The dish containing the scrum is then placed over the larger 
dish m w'hich is put about 200 cc of concentrated sulphuric acid The whole 
Is then put on the ground-glass plate and covered w'lth the bell-jar which is firmly 
Jjted down wnth grease One opening of the bell-jar is fitted with a glass stopper 
and stop-cock , the other opening has a rubber cork through wdiich passes a glass 
tube connected to a short length of rubber tubmg plugged at its other end with 
a glass rod The bell-jar is then connected to a Geryk pump and exhausted until 
the rubber tube is completely flattened This tube then acts as a test for the 
holding of the \acuum The whole is left at room temperature in Kasauh from 
15°C to 22°C until dry If the rubber tube indicated loss of raciium, the jar 
IS again exhausted and the sealing looked to From time to time the sulphuric 
acid m the lower dish is gently agitated to mix its contents 

When completely dried, the serum residue is scraped off with a sterile knife, 
carefull} weighed and stored in a sealed tube The dried product has the usual 
crystalline appearance of dried serum 
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When treated as above, desiccation of 40 c c of serum is complete in some 
43 hours (average of 8 experiments) , solution is readily effected in distilled 
water and the resulting solution is free from solid particles and shows only a 
slight opalescence, and is therefore quite suitable for intravenous injection 

Apparatus for Desiccating Antivenomous Serum 












wfe'j 






Small Petri dish containing antivenomous serum 
Large Petn dish containing sulphuric acid 
Bell-jar 

Glass stopper with stop-cock 

Rubber tubing used as an indicator for holding vacuum in 
the jar 

Ground glass slab 


Table I sho\v6 the time required for the complete desiccation by the above 
method of 40 c c V serum 
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Tabi,!: I 


Serial number 

Qtnnl»t> of scrum 
jn c,c 

Hours 

i 

1 

40 

44 

2 

40 

' 42 

3 

40 

43 

4 

40 

42 

S 

40 

1 43 

6 

40 

44 

7 

! 37 

43 

8 

1 44 

44 


\\cngc time for 40 cc =: 43 1 hours 


The percentage of solids obtained from the scrum on desiccation was about 
the same as found by Burrows and Cohn It was found, how'ever, that this per- 
centage was slightly higher when the pooled scuim of scNcral horses was used 
than m the case of the scnim from a single horse Table II shows the percentage 
of solids obtained in each case 


Table II 

(A) Ml led scrum fiom 4 hoiscs 


Liquid scrum cc j 

Solids grammes j 

Solids per cent 

i 

40 

419 

10-475 

40 

4-21 

10-525 

40 i 

1 

411 

10-275 

Average solids per cent j 


! 10-425 


(5) Set urn fiom 1 horse only 


Liquid serum cc 

Solids grammes 

Solids per cent 

40 

3 70 

9-250 

40 

3 770 

9-425 

39 

3-665 

9-372 

37 

3495 

9-445 

44 

4200 

9-545 

Average solids per centj 


9-407 


The figures in Table II (B) agree very closely with those obtained by Cams 
and given in unpublished notes referred to above 
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The dried product is readily soluble m distilled water or saline solution 
For the purpose of these experiments, distilled water was used so as to avoid 
altering the salt content of the original serum Solution is effected by gentle 
shaking 

As would be expected, the time taken for complete solution of the dried 
product varies according to the final concentration required A certain amount 
of concentration of the serum can apparently be effected by dissolving the dried 
serum in less fluid than its original content, but the higher concentrations are 
too thick for injection, and the effect of such concentration as can be obtained on 
the potency of the serum has not yet been tested 

The time required for solution is as follows — 

(n) Made up to original quantity of serum, i e, about 1 m 10, 5 minutes 

(b) Dissolved to make a 1 in 5 solution, 8 minutes 

(c) Dissolved to make a 1 m 4 solution, 15 minutes 

The dried serum will also dissolve in 1 in 3 solution, but this and the 1 in 4 
solution are too viscid for injection When solution was effected in sterile 
distilled water, the pH of the re-dissolved product was about 8 0, the original 
serum being pH 7 7 


ExpErimentai, work 

For all the experiments described below, which are to be regarded as of the 
nature of preliminary tests, the serum was dried as described above and stored 
in sealed test tubes at room temperature (m Kasauli about 25° to 96° F ) In 
every case, the serum after being drawn and bottled, was tested aerobically and 
anaerobically for sterility When required for the tests, the dried product was 
re-dissolved in sterile distilled water in order to avoid adding an excess of salt 
The solution was made up to the original quantity of the liquid serum from 
which the dry sample was obtained The re-dissolved serum was tested aerobi- 
cally and anaerobically for sterility 

Throughout the work now to be described both the original antivenin and the 
dried serum w'ere obtained from the same bleeding of the same horse and the 
results are therefore comparable 

The potency tests described here were all earned out on pigeons according 
to the routine test employed at the Central Research Institute for estimating the 
potency of antivenin In this test 1 c c of the serum to be tested is mixed in a 
test tube with 1 c c of venom solution dissolved in normal saline in different 
concentrations^ The mixtures are incubated for 30 minutes at 37° C and the 
whole (2 cc )Vjected into the breast muscles of a series of pigeons of 300 grms 
weight The tfcts are carried out against cobra venom only With each test a 
control IS put im for the minimum lethal dose of the sample of venom used 

The reading! are taken after 24 hours, the difference between the M L D 
of the venom aiw the maximum test dose survived by the pigeons is regarded 
as the amount of^obra venom neutralized by 1 cc of the serum 
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The following tallies show the potency of the original and dried serum at 
different periods — 


TABLt III 


Potiiicv oqaiii^t cobra vntout of (a) ficshlv prefared antwcniu, and (b) freshly 

p>c fated dtted anUvemn 


Date of 
test 

Pigeon 

number 

Test dose 

cobra \cnom 

Result 

Rejcarks 


(a) rrcshl}, prepared aiifivemn 



U-2-27 

1 

O'? mg 


Lned 



2 

0-8 


#» 



3 

0-9 „ 

Plus lee , 

»» 



4 

10 „ 

scrum 

rr 



5 

I'l ,, 


Died 



6 

12 „ 


V 



(b) Freshlv prepared dried anitveniii 



13-2-27 

7 

0*7 mg 


Lned 

The solution of the dried 






antivenin used for this 


8 

0-8 , 


It 

test was made on 
7-2-27 


9 

0-9 

Plus lee 

It 



10 

10 „ 

serum 

It 



11 

1*1 „ 


Died 



12 

12 „ 

\ 

.. 



Controls 





13-2-27 

13 

02 mg ' 

[ 

Died 



14 

0-3 „ 

Cobra j 

It 



15 

04 „ 

lenom 

It 



16 

0-5 , 


II 



The minimum lethal dose of the venom = 0-2 mg 

lee freshly prepared antivenin neutralizes 0r8 mg cobra venom 

lee freshly prepared dried antivenin neutralizes (tS mg cobra venom 
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Tabi^i: IV 

Poicncy agamst cobra venom of (a) antivemn after stoiage fo] 3 months, and 
(b) ducd antivemn affei stoiage for 3 months 


Date of 
test 

Pigeon 

number 

Test dose 

cobra venom 

Result 

Remarks 


(a) AnUvemn 3 months old 



13-5-27 

17 

07 

mg 


Lived 



18 

0-8 



)i 



19 

09 


Plus 1 cc 

91 



20 

10 

if 

' scrum 

91 



21 

1 I 

11 


91 



22 

12 

u 

j 


11 



(b) Dried 

antivemn 1 

months old 



13-5-27 

23 

07 

mg 


Lived 

The solution of the dried 



0-8 




antivemn used for this 


24 

1i 


J) 

test was made on 
9-5-27 



25 

09 

11 

Plus 1 cc 

91 



26 

10 

a 

serum 

91 



27 

1 1 

ii 


91 



28 

12 

a 


Died 



Controls 






13-5-27 

29 

0-1 

mg 


Lived 



30 

0*2 

» 


Died 



31 

03 

99 

Cobra 

venom 

91 



S 32 

0-4 

it 


91 



A- 

0^5 

19 


99 



The minimum letifl dose of the venom was 0'2 mg 

1 C.C of 3 months\old antivemn neutralized at least 1 0 mg cobra venom 
1 C.C. of 3 months dried antivemn neutralized 0*9 mg of cobra venom 
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Tablt: V 

Potency against cobra venom of (a) antivcnm stored for 1 year, and (b) dried 

antwenin stored for 1 year 


nSr Test dose cobri ^cnom 



Remarks 


13-2-28 


13-2-28 


(a) AiitKciim 1 jfar otd 


34 

1 2 mg ’ 

1 

Lived 

35 

13 


n 

36 

14 „ 


It 

37 

1 5 „ 


Died 

38 

16 .. 

Plus 1 cc , 
scrum 

}( 

39 

17 


l» 

40 

18 „ 


!♦ 

41 

19 .. 


I» 

42 

2-0 „ 

t 

>» 


(b) Dried aiiitvciwt 1 ^car old 


43 

3 


44 

13 „ 


45 

14 .. 


46 

15 „ 


47 

16 „ 

Plus 1 cc 
scrum 

48 

17 „ 


49 

18 „ 


50 

19 „ 


51 

2-0 „ 

1 


Controls 


13-2-28 52 

O'! mg 


Lived 

53 

0-2 „ 


l> 

54 

(73 „ 

Cobra 




venom 

It 

55 

0-4 „ 


Died 

56 

0-s J 


' It 


The solution of the dned 
antnenin used for this 
test was made on 
12-1-28 


The minimum lethal dose of the venom nms 04 mg 

1 cc n! i neutrabzed 10 mg of cobra venom 

cc of 1 year old dned antivenm neutralized 1 0 mg of cobra venom 
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Table VI 

Potency against cobra venom of (a) anhvenin stoied foi 2 years, and (&) dned 

antivemn stored jot 2 yeais 


Date of 
test 

Pigeon 

number 

Test dose 

cobra venom 

Result 

1 

Remarks 


(a) Antivemn 2 

years 

old 



lS-2-27 

57 

10 

mg 


’ Lived 



58 

ri 

1) 


Died 



59 

12 






60 

13 



Very ill but 







alive 



61 

1'4 

)> 


Died 



62 

15 

if 


ff 



(b) Dned 

autwemn 2 yiars old 



15-2-29 

63 

10 

mg 


Lived 

The solution of the dried 






antivemn used for this 


64 

IT 

ff 1 


Died 

test was made on 
13-2-29 


65 

12 

fl 

Plus 1 cc 

ff 



66 

13 

fi 

” serum * 

yy 



67 

14 

ff 


yy 



68 

15 

ff 

J 


ff 



Conh ols 







69 

0-2 

mg 


Lived 



70 

0-3 

yy 

Cobra 

Died 



71 

04 

ff 

venom < 

f> 



72 

0-5 

ft / 


yy 



The minimum lethal dose of the venom was Cl’S mg 
1 cc of 2 years Void antivemn nentrahred probably 0‘7 mg cobra venom 
of No 60 pigeon was^robably accidental 

1 cc of 2 years Sd dried antnenin neutralized 0 7 mg cobra venom 


The survival 
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Tahlc VII 


Repeat test tvith 2 years old sera 


Date of 
test 

1 

! 

Pigeon j 
number 

Test dose cobra aenom 

Result 

Rest ARKS 

1 

! 

' (a) lull 'fiiiii 2 vrnrs old 



10-2-29 

1 

1 0 mg 


Liaed 


7-5 

1 1 . 


if 


1 71 

1 2 . 

Plus 1 cc . 

»> 


76 

13 

'jcrutn 

Died 


77 

14 „ 


tf 


78 

15 , 

, 

tt 


t (b) Dried antiveiwi 2 years old 

i 



10.2.90 

79 

1 0 mg 


Ln ed 

The solution of the dried 





antivenm used for this 

, 80 

I 1 , 



test was made on 





13-2-29 


81 

12 „ 

, Plus 1 cc 

Died 



82 

13 , 

scrum 

»» 



84 

14 „ 





85 

15 





Confrols 








1 



19-2-29 

86 

0’2 mg 


j Lit ed 



87 

(73 „ 

Cobra ^ 

j Died 



88 

04 „ 

venom 

>» 



89 

0-s „ 


‘ ft 



The minimum lethal dose of the venom t\as 0^3 mg 

lee of 2 year' old antivenm neutralized ff9 mg cobra renom 

1 cc of 2 jears dried antivenm neutralized 0:8 mg cobra venom 
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Tabi,^ VIII 

Repeat test with 2 years old sera 


Date of 
test 

Pigeon 

number 

Test dose 

cobra venom 

Result 

Remarks 


(a) Aniivenm 2 

yeofs 1 

old 



28-2-29 

90 

1*0 

mg 


Lived 



91 

1*1 

ff 


» 



92 

12 

» 

Plus 1 cc . 
serum 

Died 



93 

13 

ff 


ft 



94 

1*4 

ff 


tf 



(b) Dned antiveinn 2 yeats old 



28-2-29 

95 

10 

mg 1 

/ 

Died 

1 

The solution of the dried 

96 

n 

1 

ff 


tf 

antivenm used for this 
test was made on 
13-2-29 




97 

12 

ff 

. Plus 1 cc ]' 

ft 



98 

1*3 

ff 

serum 1 

ft 



99 

14 

ff 


ft 



100 

15 

ff 

\ 

ft 

1 



Controls 





28-2-29 

101 

0*2 

mg 


Lived 



y 102 

0*3 

ft 

Cobra 

St 



\l03 

0*4 

ff 

' venom 

Died 



1^4 

\ 

\ 

0-5 

’’ 

■ 

tl 

1 



The minimum lethal dose of the venom was 0‘4 mg- 

1 cc of 2 years old antivenm neutralized 0*7 mg cobra venom 

1 C.C. of 2 years old dned antivenm neutralized less than 0*6 mg cobra venom 
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Summary 

When the above results arc considered, it must be admitted that they are 
somewhat disappointing considerable degree of irrcgidanty in the readings, 
e\cn more than is usually met with in such tests, is apparent and has marred 
the results, while although there has been exhibited no great difference in the 
neutralizing power of the untreated and the dried serum respectively, there is 
no CMdcncc as ACt that the dried product retains its potency any better than the 
original serum, since on no occa'iion did the dried scrum show' a higher neutra- 
lizing power than the original untreated serum of the same age 

It has been shown, howc\cr, b> Anderson and Cams that the potency of 
ordinarj antnenomous serum is fully retained or even increased up to a period 
of at least two jears, so that it is evident that a further series of tests after 
considerabh longer periods will be required before any appreciable difference in 
the potenct of the two sera is hKc1> to be met with as the result of storage onlj 

At the same time it appears from the results obtained immediately after 
desiccation (Table 111) that no loss of potency is incurred in the process of 
drjmg, and further that there is no loss of potency up to a period of one year 
(Table V) B\ this time (one }car) ordinary serum contains a verj' consider- 
able deposit and is unfit for intravenous injection without previous filtration, 
while the solution of dried scrum is practically clear so that m this case the dried 
product has a distinct adrantage 

Certain of the results (Tables VII and VIII) appear to indicate that after 
being in solution a certain time, the dried product begins to lose potency, but this 
point requires further investigation 

Conclusions 

(1) \ntivenomous serum can be rapidly desiccated m vacua over sulphuric 
acid and no appreciable loss of potency is incurred m the process of drying 

(2) Solution of the dried product is readily effected in distilled water and 
the resultant solution is practically clear The clearness of the solution is not 
affected by storage of the dried serum, at least up to two years 

(3) No loss of potency in the dried serum was found to have occurred after 
storing for one year, by which time the original serum, though equally potent, 
contained a considerable deposit and was no longer suitable for intravenous 
injection 

(4) No evidence has as yet been obtained that the dned product retains its 
potency any better than the original serum 

Lastly I would express my sincere gratitude to Captain K R K Iyengar, 
MU, ch B , » p H , I VI s , now Director, Pasteur Institute of Southern India^ 
Coonoor, and Major LAP Anderson, ma,md,dph,ims, now Officiating 

Director, Haffkme Institute, Bombay, for the invaluable help given me m this 
work 
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OSTEOJEALACIA (LATE RICKETS) STUDIES 

Part II 

THE BLOOD PICTURE 


BY 

D VGM'VR CURJEL WILSOX, m d (Glas ), n r ii (Camb ), w m s (Retd ), 
lit chaigc Ostcomalacta Iitquii\\ Indian Rcscaich Pund Association, 

AN'D 

GULB-M P PATEL mu, ns (Bom 6LLond),LM (Dub), 

D T M S. II (Cal ), \V M s 

[Reccncd for publication, Juh 24 1929] 

Condtiwns of the nscarch — As explained in a prcMons paper(l) tbe object 
of this research is to study cases of osteomalacia m tbe early stages of the disease, 
while still amenable to treatment In the same communication it was shown that 
in India, as in other parts of the world, there is no hard and fast line of demar- 
cation between so-called ‘late’ rickets the disease setting in from the tenth year, 
and osteomalacia A'-ray findings show that the differences noted clinically 
depend rather upon the age of onset than upon any essential difference in the 
morbid processes concerned, and justify the grouping of certain signs and symp- 
toms as diagnostic of lanotis stages of osteomalacia (late rickets) The close 
relation of early rickets the disease of the first and second years of life, to late 
nckets was also recognized, and intermediary cases noted 

In connection with the osteomalacia inquiry, im estigations are being carried 
out at larious centres in the Punjab and in Delhi Province The series of blood 
examinations, together wnth stool and urine findings recorded in this present 
paper, were carried out on patients attending the Osteomalacia Clinic at Simla by 
oni, of the authors, (G P P ), wEose sennees were lery kindly lent for 
this purpose bj the ^^'’omen’b ^ledical Service, India 

Conditions of ciaiiiiiiatioii — A senes of forty-six cases of osteomalacia (late 
rickets) controlled by X-ray examinations w'ere studied at the Simla Osteomalacia 
Clinic, tlie blood in eierj case being examined on the patient’s admission to the 
J, MR ( 881 ) 
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clinic and in a third of the cases again after varying periods, to note the effects 
of treatment 

Age and se'i distnbntion — All the patients were female, women and girls 
whose ages ranged from ten to forty years In considering the differential blood 
count, since a relative lymphocytosis is said to occur during every menstrual 
peiiod, in no case was the blood examined while the patient was menstruating 
In addition foui cases of iickets occurring under ten years of age were also 
examined 

Caste — Twenty-five patients weie Mohammedan and twent 3 '’-four Hindu 
(included in the latter group are three of the low Chamar caste), one patient was 
a Christian from Goa 

Maiiiage — Forty-two were married women and girls, thirty-three of whom 
had undergone at least one pregnancy, four had no children, in addition five of 
the younger married girls were still living in their mother's house 

Altitude — The patients included women who had lived all their lives at high 
altitudes, as well as Indian women and girls of other castes who were sta)nng 
m the hills for varying periods Since at the time of examination all the patients 
were living in the neighbourhood of Simla at a height of 7,000 to 7,500 feet, the 
effect of the altitude on the blood picture had to be considered The results were 
therefore controlled by examination of normal cases from similar classes of 
women The normal blood count m Simla was thus found to be — 

Average of 10 cases Polymorphonuclear 56 5 per cent 

Red blood cells — 5 710,000 Metamyelocytes 3 per cent 

White blood cells — 6,620 Eosinophiles 4 pel cent 

Hcemoglobin (Tallquist) 79 per cent Basophiles ml 

Differential count Using Leishman’s stain Lymphocytes 31 5 per cent 

Large mononuclear 5 per cent 

The normal M'estein blood picture is given (2) as 
Red blood cells 

Men 5,000,000 

Women 4,800,000 

White blood cells 
Men 7,500 

W omen 8,000 

HcEmoglobm (Gower’s) 82 per cent 

Schilling(3) gives the following as normal figures for the leucocytic blood 
picture 

Leucoc)des 6,000 to 8,000 per c cm 
Neutrophile gianular cells 67 per cent 

[Composed of 63 per cent polymorphonuclears and 4 per cent of old metamye- 
locytes (‘band’ forms), young metamyelocytes being absent] 

Eosinophiles 3 per cent 
Basophiles 1 per cent 
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Lymphoc\ tc': 2S per cent 
Monoc\tes 6 per cent 

A*; the reMiU of consulciahlc cxpcncncc of hlood e\aminations among women 
m Nortli India it Ins heen noted 1)\ one ot tlie authors (G P I’ ) tliat m normal 
cases the arcrage total nhite cell counts tends to he slightiv loner than among 
nomcn ot Western races 

'1 he altitiuk therefore in the cases examined at Simla max he said definitely 
to lead to a higher Inmoglohm percentage and red cell count, and to raise to a 
slight extent the white cell count 3'herefore m considcimg the hlood picture m 
this senes ot eases of osteomalacia (late richetsl the axerage augmented read- 
ings found at Simla haxe heen taken as the normal for comparison 

— In the scries of tortx-six eases of osteomalacia (late rickets), the 
folloxxmg results ot examination xxere ohserxeil — 

1 \ slight degree (about 70 jxer cent) of anrcmia was usuallx' present, later 
m cases re-examined xxhere clinic dlx miproxcmcnt xxas cxidenccd the hajmoglobm 
XX as found to haxe increased to about 85 per cent 

2 riiere xxas a slight mere isc m the total number ot xxlnte cells, except m 
cases com]ihcatcd bx pregnanex after the fifth month where, as might be expected, 
the increase xxas more marked 

3 Some cases showed a fairlj marked Ix mphocj tosis (35 to 50 per cent) 
with no apparent relation clinically to the acuteness of the case \,t subsequent 
exammaliun this lx mphoex losis appeared to haxe been a transitorj phase in those 
cases showing marked clinical improxement (lessening of pain, increased freedom 
of moxement etc ), smee the next blood picture showed a decrease m the 1} mpho- 
ex tes (33 to 40 per cent) and an increase (40 to 55 per cent) m the polymorpho- 
nuclears In cases xxhere there xxas nc evidence of tins lymphatic reaction, no 
clinical improxement xxas exident during the refractory' period It xxas noted m 
some cases complicated by gonorrhceal infection that the patients’ reaction to 
treatment xxas very sloxv 

4 An increase (m some cases up to 10 per cent) of metamyelocytes and 
myelocytes xx'as noticed in nineteen cases, xxith no apparent relation climcallv to 
the acuteness of the sxinptoms 

5 The occasional appearance (20 per cent of cases) in the blood of a 
fexx endothelial cells xvas noted 

6 The blood picture m the four cases of rickets under ten years of age 
came into line xxith that of some of the older patients shoxvmg lymphocytosis 

Exaiiutialton foj concur) oit infections — In order to eliminate other factors 
which might affect the bloo.d picture, microscopical examination of the stools and 
bacteriological examination of the urine xvas also undertaken 

Stool examinations — Seventeen cases xx'ere examined for protozoa and 
helminths xxith the folloxving results — 

2 cases shoxved a scanty infection of A hnnbiicoides 
11 cases varying degrees of encysted B histolytica 
1 case a scanty infection of Lambha mfestinaUs 
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13 cases varying amounts of Blasfocysfis hommis and Sarcuiie, all much 
in excess of the normal 

Unite examinations -^Seventeen cases weie examined by culture of catheter 
specmiens of urine 

1 case was sterile 

15 cases showed yeast and staphylococci 

3 cases B coh strains, 1 being B colt communis and 2, B acidi lactici 
(Huppe)(4) 

1 case non-hasmolytic streptococci, a luxuriant growth 

1 case the same but extremely scanty 

The staphylococci and yeasts found m all except one of the catheter specimens 
may perhaps be due to the difficulty of sterilizing the entrance of the female 
urethra 


Discussion 

The position with regard to changes in the cnculating blood m deficiencj' 
(avitaminotic) disease is still not fully woiked out 

In food deficiency of which rickets is one of the most obvious signs (S) a 
lymphocytosis is described, as also in scurvy, (6) but Piney(7) states that we 
are still quite ignorant of the relationship of the anaemia which is present to the 
rickets 

In beri-beri(8) there is always some amemia which may become severe, 
there is little change in the number of leucocytes, but slight transient lympho- 
cytosis IS common 

In pellagra which is by some regaided as a deficiency disease, (9) there 
IS a secondary anemia and lymphocytosis 

The lymphocytosis occurring among certain patients in this series of cases 
of osteomalacia (late rickets) which on improvement was replaced by a poly- 
morphonuclear increase, may be a sign of some vitamimc deficiency, but since 
lymphocytosis also occurs during bacterial infections (such as tuberculosis, 
whooping cough and t3''phoid fever) there is also the possibility of some infective 
process at work, either as a primaiy or secondary factor m the avitaminatic con- 
dition The btool examinations showing excess of sarcinie and yeasts, may pos- 
sibly indicate a faulty carbohydrate metabolism with stasis, as the majoiity (38 
out of 50) of cases under examination were markedly constipated 

The remarkable freedom from helminthic infection is probably a result of a 
purer water supply as compared with the plains, also many of the cases examined 
were of some social status living under fair sanitary conditions 

As regards the urine, the two cases m which B acidi lactici strains were 
isolated, if considered in conjunction with the increased sarcinae and yeasts of the 
stools, may indicate a fermentative process going on m body In this connection 
the presence of occasional endothelial cells in the peiipheral blood in certain cases, 
if deuved from damaged capillaries, may explain leakage of organisms from the 
gut 
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Conclusion 

1 \ <;Uuh of the hiood picture in a senes of forty-si^ cases of osteomalacia 
(late neket--) showed that in patients where clinical improvement was evident, 
the increased i\iiiphoc\tcs lonnd m the differential count at the first examination 
were re pi iced at snhscqneiit examination after ahont three weeks’ treatment by 
a raniiig init definite increase of poh niorplioniiclear leucocytosis Cases where 
dnrnnt the period under ohsenation no clinical improvement w'as noted, did not 
show this reaction 

Togcllier with the clinical miproieincnt there was a definite increase in the 
lianioglohm percentage The relation of these changes to those found in some 
dcficienci di-eases is discussed 

2 CoiiHident examination of the stools and nrme gave eaidences of fer- 
nientatnc processes going on m the hod\, suggesting the possibility of an in- 
fcctne process m the intestine either as a primary factor or dependent on an 
aMtaininotK condition 


Casps 

Examples of cases of ostcomahcia (htc rickets) showing changes in the blood picture 
!jmphoc>tosis going place to Icucocatosis associated with clinical improacmcnt of S)mptoms 
Serial No 4 — ^folllnl, vt 25 Hindu Chamar age at marriage 17, age at onset of disease 
21 Non-purdah 4-para Pregnant 6 months Social conditions ten poor 



• 

10-5-29 

7-6-29 

Hvrroglobin 


70 per cent 

70 per cent 

Rod blood cells 


3 650,000 


lute blood cells 


5,600 

9,000 

Differential count — 




PoU morphouuclcar 


62 per cent 

74 per cent 

Large mononuclear 


2 

2 „ 

La mphoca tes 


36 

24 „ 

Macrocates and microcates 

present 

\ few macroc>lcs 

and slight 

Poikiloca tosis and aaculatcd red 

basophilia present 


cells noted 




Serial \o 10 — Afuniran, a:t 19, 

Hindu Chamar, unmarried age at 

onset of disease 17, 

non-purdah, social conditions poor 





13-5-29 

10-6-29 

Hsemoglobin 


60 per cent 

80 per cent 

Red blood cells 


2740000 


White blood cells 


7,500 

7,400 

Differential count — 




Pola morphonuclear 


38 per cent 

52 per cent 

Large mononuclear 


4 „ 

7 

Eosinophiles 


6 „ 

6 

Lamphoca tes 


52 

30 

Metanrj elocj tes 



s 
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Seiial No 19 — ^Khatumi Amvar a;t 30, Pimjabi, Mahommedan age at marriage 19, age at 
onset of disease 27, observes purdah, 3-para Social conditions favourable 


Hasinoglobin 
Red blood cells 
White blood cells 
Differential count — 
Polymorphonuclear 
Large mononuclear 
Eosinophiles 
Lvmphocytes 
Metamyelocvtes 


17-5-29 


75 per cent 
5 050,000 
7,000 


6-6-29 
85 per cent 

6,000 


43 per cent 
4 „ 

2 „ 

51 


55 per cent 


2 

1 

40 

2 


It 

tt 


Examples of two acute cases which failed to show any Ivmphocytosis and where after 
treatment, at subsequent examination there was as yet no marked difference in the blood picture, 
thus showing that there is not in every case, even during an acute phase, a typical blood 
picture of osteomalacia (late rickets) 

Sena} No 12 — Luxmi -et 18, Hindu Chamar, unmarried, age at onset of disease 11, 
non-purdah, social conditions ver} poor Tjpical example of the disease starting in the late 
rickets age period, 3 other members of her family were suffering from a similar condition 


Hiemoglobin 
Red blood cells 
White Mood cells 
Differential count — 
Polymorphonuclear 
Large mononuclear 
Eosinophiles 
Lymphocytes 
Ml elocytes 

Vaculated red blood cells present 


4-5-29 


75 per cent 
4,730 000 
10,400 


7-6-29 
75 per cent 

5,000 


60 per cent 64 per cent 

6 , 

2 „ 2 „ 

30 „ 34 


Sena! No 15 — klunsa, ret 19 Hindu, zemindan from Kangra Vallej, age at marriage 7, 
age at onset of disease 17, non-purdah 3-para, social conditions fair, typical acute osteomalacia 


Haemoglobin 
Red blood cells 
W lute blood cells 
Differential count — 
Polymorphonuclear 
Large mononuclear 
sosinophiles 
10 } mphocytes 

Metamyelocytes 




14-5-29 
70 per cent 
7,440,000 
6 000 

55 per cent 
4 „ 

6 „ 

33 „ 

2 oldl „ I 1 

young 1 „ 1 


10-6-29 
70 per cent 

6 000 

55 per cent 

4 „ 

5 „ 

30 „ 

> old 4 
young 2 


(1) WiisonAD Curjel (1929) 
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InTRODXjCTION ANTD histor\ 

Trir ajtiolog} of osteomalacia is a subject which has roused considerable 
interest during the last two decades A survej of the recent work in China 
and India where this dNcasc is m some areas endemic [Jilaxwell and Miles(l, 2), 
Miles and Feng(3), Scott(4o, 4ii), Hutcheson and StapletonfS, 6), 
klegaw C7) Green Armjtagef/)] and the previous papers m the present 
senes(9, 10), together with the post-war findings in Europe tisuall} described 
as hunge’- osteomalacia ( 1 1 ) [Dahell and Chick(12), BittQr{(13), Looser(14), 
Alwens(15), IlejerflO), Burchardt-Socin(17)] suggests that osteomalacia is a 
true deficiencj disease, and as such is but an adult manifestation ot the earl} 
rickets of the first and second jears of life and the late rickets starting at about 
the tenth vear The clinical signs of late rickets and osteomalacia in relation to 
bone changes as shown by Y-rav examination has already been described m these 
series ot studies, and the loss in muscular tone noted klaxw'ell and Miles (2) 
showed that in some cases the muscular symptoms predominate and bone changes 
are but very slignt, electrical reactions being in all cases normal This has been 
cxpenmentally shown by one of us (E S ) in the case of rachitic puppies, but 
m this instance severe muscular atrophy also occurred in several cases 

( 889 ) 
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The immediate post-wai peiiod m Em ope revealed, particulaily m Germany 
and Austria a numbei of cases which can now be definitely classified as hunger 
osteomalacia The malnutiition was not onl}'- qualitative, but quantitative as 
well Alwens(15) described cases of women in Munich in 1919 who presented 
clinical symptoms comparable to those of true osteomalacia except that he failed 
to find pelvic changes, Bittoif(13) mentions a number of cases of late rickets 
in boys and He>er(16) cases of osteomalacia m both men and women which 
occurred m Munich The symptoms disappeared with improved diet and adminis- 
tration of cod-liver oil Heyei(16) and Loosei(14) in their articles suggest 
that the conditions described are closely related to those of late rickets, osteo- 
porosis, and osteomalacia, Heyei goes so far as to foreshadow the present con- 
ception of the astiolog}' of this disease and considers that not only did his cases 
present almost complete lack of calcium and phosphorus, but that some other 
dietetic factor or factois were involved In Austria the woik of Chick and her 
co-workeis on rickets and hunger osteomalacia f 12) is too well known to be 
described here, but it may be mentioned, that their independent observations 
endorsed the view of German investigators that hunger osteomalacia was due to 
a dietar}'^ deficiency and that it exhibited the same seasonal variations as rickets 

Thus the conclusions of these observeis go to prove that when certain 
vitamins aie deficient, eithei through dietaiy deficiency or lack of sunlight or 
both, rickets and osteomalacia are liable to manifest themselves, in spite of 
geographical oi social diffeiences 

The liteiature on late rickets and osteomalacia contains but scant evidence 
of families or inmates of the same house suffering from this disease, and thus 
some obseners hare been led to doubt the importance of the dietetic factoi in 
the fetiology, in spite of the fact that Wamplar(18) and Salt2mann(19) mention 
family histones In connection with the piesent investigation evidence has been 
brought forward to show that families and inmates of one house do often develop 
this disease in raiying degrees of severity 

Lack of Mtamin D m the diet or lack of sunlight are the chief causative 
factors, but there is also a positive factor which deserves consideration, i e , the 
laige cereal intake of the inhabitants of the East Mellanby(20) has shown 
that some anti-calc lying substance, which he has designated as ‘ Toxamin ’ is 
present in many cereals The amount of ‘ Toxamm ’ varies m diffeient cereals and 
bears no relation to their calcium-phosphorus ratio Of those tested, oatmeal 
has been proved to have the greatest anti-calcifying action, both experimentally 
on puppies, and clinically in children, paiticularly with regard to the incidence 
of dental canes'^ in the latter group [May Mellanby, Pattison, Pioud(21), (22), 
(23)] The uork of the Sheffield School has shown that the ‘Toxamin’ can be 


*In textbooks it is sometimes stated though erroneously, that dental caries is rare among 
Indian races As an opportunity of assessing the relationship between rickets and dental caries 
in school children has ansen in the course of the present investigation, the findings will be 
incorporated in a subsequent communication 
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cIcsl^o^C{l In ccitain chemical acjenls and nciitrahrcd by an ample sufficiency of 
Mtainiii D 111 the diet It is inteicsiin^ in note that Gilks and Orr(24) in 
stiuhiii" ‘ I'ht iiuti ilioiial tnnditinn nl the I* \ftican mine’s, concluded that the 
plnsiquc of the tribes ainoiiq which cctc.il formed the greater bulk of the diet, 
was infeiini as comjiaud with the ph\su|uc of the meat eating tiihes 

'1 he cndcmicitc of osteomalacia in ccitain areas m India is suggestive of 
dictart deficiencies as factors m its retiologj, and the purpose of the present 
paper is to examine the diet of those sufleiing from this disease m one of these 
areas nanicK m certain ilistiicts of the rmijab 

Since lack of Mtamm D m the fhet lack of sunlight or lack of both have 
alicadc Ikcii shown In carhci obseners to he concerned m the aetiology of 
osteomalacia the diets ot sudi ]iaticiits bare been examined in some detail with 
a view 

(1) to cnnfiiming the lack of \itamin D, either partial oi absolute, 

(2) to bringing forward sonic ciidtiice tbit an excess of cereal in the diet 
results m an exacerbation of the disease unless neutrahred In adecpiatc amounts 
of Mtamm D 

LlXlS or IX\I SlIGATION 

The 265 cases on which this icport is based are diawn from four chfterent 
aieas in the Punjab, Lahore \miitsai, Simla and the upper part of the Kangra 
Vallcj, where many cises of osteomalacia arc found 

The routine information obtained fiom each patient was as follows — 

(1) Name, date seen, present age age at onset of disease, age at mairiage 

(2) Birth place, present dwelling and any intermediate station 

(3) Religion, caste occupation of husband or father This includes some 

estimate of the financial position and consequent ability to obtain 
necessary food-stuffs 

(4j Housing conditions, amount of sun obtainable and actually obtained, 
if purdah is obseived or not 

It IS extremely difficult to obtain reliable evidence wath legard to the amount 
of sun obtained, and in some cases w'hcre the housing conditions of the patient 
have been known to be bad, the considerable amount of sun said to be obtained, 
has been discredited 

(5) Onset of menstruation, if married, number, dates and details of preg- 

nancies w'lth relationship of onset of symptoms to pregnancy or 
lactation 

(6) History of late rickets or osteomalacia, date and mode of onset, relation 

to any other clinical condition, initial and subsequent symptoms, o-ait 
deformities, sites of pain with degrees of seventy 

(7) General impre=sion of physical condition 

The clinical symptoms have been classified by one of us (D C W ) as 
+++, ++, or 4- according to present degrees of severity This classificiion 
applies more to the actual acuteness of the physiological condition of the bones 
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than to the degree of deformity which may be of long standing and incurable 
hlany cases were controlled by A’'-ray examination 
(8) Diet 

(a) Amount of imlk per diem 

(b) Amount of f)CsJi fmifs per diem 

(c) Amount of a fa per diem 
(cf) Amount of dal per diem 
(e) Amount of uce per diem 

(/) Amount of cooked vegetable per diem 
(ff) Amount of meat 
(h) Amount of fish 
(0 Pat (Ghee), (Oil) 

Variation, if any, in the diet, was noted 

(a) Milk — The amount of milk taken varies, but is seldom adequate to the 
needs of the patients The question of adulteration must also be borne in mind 
In nearl}^ all cases the milk is boiled before use 

{b) Flesh fiuits — In the upper parts of the Kangra Valley fresh fruit or 
fresh vegetables are unobtainable unless imported and in Simla they are expen- 
sive In other places the patients are not accustomed to the regular use of fresh 
fruit or uncooked vegetables Taking an average of the total number of cases, 
the amount of fruit or uncooked vegetable consumed per individual per diem is 
practically negligible 

(c) Afa — This IS a very variable factor, the ata may be coaise or fineh 
giound whole meal, it may be comparable to the white flour in England, but all 
degrees of milling intermediate between the above two types are met with The 
wheat flour may be adulterated m ver}' varying proportion with millet, dal or 
gram It is therefore difficult to assess the dietetic value of ata, but it is usually 
consumed in sufficient quantities to afford sufficient vitamin A and since con- 
sumed together with dal, the cereal moiety of the diet affords a sufficiency of 
vitamin B 

(d) Dal — As a rule onl> small quantities of this legume is consumed per 
diem, the actual amount is not alwa)'^s exactly stated by patients — ‘ a handful of 
cooked dal’ is the usual answer obtained 

(e) Ricc — Both polished and unpolished, much less is consumed in the 
Punjab than m Southern India Most of the cereals sold m the Punjab are 
growm within the province 

(/) Cooked vegetables — These may be taken once or twnce per diem One 
of us (E S ) has investigated the metliods of cooking in the homes and it seems 
to be an invariable rule to cook the vegetables for at least tw'O hours This 
leaves little chance for any stirrival of vitamin C 

(g) Meat — When eaten is usuall} goat and of poor quality, and this is 
stewed for at least four hours 

(//) FtsJi IS usually difficult to procure and is seldom eaten 
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(i) J ol (GIki') — G lue so nllcd is lominnulT, ustd but is often adulterated 
with \ ainspati f\eti<.tald(. odl I lu tki^ut of adultnaliou ma\ varv from 5 
per CLUl to *^0 jur (.cut unless dehuitc lutoriuatiou regauliug tlic ongiu of the 
glicc ustd IS olitaimd tlic aiuouiU of Mt iinin D has liccn considered as very slight 
— DitUieiil kinds of \egLtahlc oil arc used, mustard, linseed, cotton 
seed rape-seed araeliis, seasanie liiU none of these oils contain any vitamin D 
(9) Subsequent leeords \-ri\ ircitment and pi ogress 
In addition the f uiiiK histoiv md the condition of other inmates of same 
house was carefulh iiucstigatcd in cerlam cases 

The eonstituents of the diets ha\c been considered m detail m order to 
eniphasi?e the ncecssite for accurate assessment 

Foi the iniipose of correlating s}niptoms with diet, the diets have been classi- 
fied as follows — 

A Lsccss cereal 1 

2 

3 

B Normal amount cereal 1 

2 
1 

C Diets (leficiciit in 1 

qiiaiuitj as well as in 2 

qualiti 

D Border line diets 

Except in the diets Cl and C2, the intake of calcium and phosphorus was 
adequate 

It IS recognized that with regard to the correlation of diet and clinical symp- 
toms, man\ factors must be taken into account 

Diminution of s\mptonis maj lie caused bj a combination of the following 
factors — Diet improaed avith regard to vitamins C and D, sun treatment, cod-h\er 
oil, massage, alterations of housing conditions 

Exacerbation may be due to growth, pregnancy, lactation, malaria and other 
febrile and pathological conditions, alterations of liousmg conditions w'lth lack 
of sunlight, poverty 

Sex INCIDCI^CC 

The sex distnlnition of late rickets and osteomalacia has alread}^ been dis- 
cussed(9) and it has been pointed out that hitherto observers m India have only 
recorded cases among w'Omen and girls, although the history of male cases 
recorded m other parts of the world w'ould suggest that under certain conditions, 
e g , hunger osteomalacia, florid cases might be expected among Indian men and 
boys also Under normal Indian conditions, it is recognized that the men and 
bo)s of a family obtain adequate sunlight and since the usual custom is for EteuT' 
to be served first by the women of their household, the best of the avadaMe^et 
also, so that symptoms, if any, wmuld be slight and not easily r^ogilii^ 


Not nciitnlized b\ Mlimm D in diet or sun 
Pirtnlli neutrilizcd In \ifnniin D, in diet or sun 
or botli Some Mtvmm C 
rnirli adcqmtclj ncutniizcd In \itamin D, in diet 
or sun or both Vitamin C 
As (1) abo\c 
\s (2) nboie 
\s (3) abo\c 
As (1) aboic 
As (2) abo\e 
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Exp^RIMCNTAI, RCSUIvTS 

The results about to be described are derived fiom an examination of 265 
female cases They aie classified accoiding to district, religion and marriage as 
follows — 


1 Simla 

1 

Lahore ; 

1 

Amritsar 

Kangra 

Valley 

Total 

Hindus, married 

27 

26 

28 

30 

111 

Mohammedans, married 

26 

18 

11 

2 

57 

Sikhs, married 

1 

! 7 

8 


16 

Hindus, unmarried 

9 

24 

5 

5 

43 

Mohammedans, un- 

married 

10 i 

i 

12 

8 

1 

31 

Sikhs, unmarried 


2 

3 


7 

Toiai 

75 

89 

63 

38 

265 


Our first puipose is to examine whethei lack of vitamin D either in the 

diet or due to want of sunlight or both is a predominant factor in the 

letiology of late rickets and osteomalacia If this is so we shall expect to find 

that the cases, having 41, B1 and Cl diets m which both vitamins C and D 

are lacking will exhibit major clinical symptoms as compaied with those on diets 
A2 B2, C, and that patients leceivmg diets A3 and B3 will exhibit lelatively 
slight clinical sMuptoms A study of Table I, n b, c (i e , total married, total 
unman led and total of all cases), indicates this definitely 


Tabi.10 I 

Lack of vitamm D 


X 

Clinical S\ mp- i 

TOMS + + -1- 

CriNiCAi Symp- 
toms +-}- 

1 Clinical Si mp- 

I TOAIS -f 

Total 

Diet 

\ 


Actual 

number 

Per cent | 

1 

Actual 

number 

Per cent 

number 
of cases 


(a) ^tal married cases — Hindus, Mohammedans and Sikhs 


Ai, Bj Ci, I e , absolute 

L 27 

42 

33 

51 

4 

7 

64 

vitamin D 

% 







A , B , C 1 e , partial lack of 


10 

49 

47 

41 

43 

101 

vitamin D 








Aj, B,, 1 e , fair!} adequatefi 

V 

21 

2 

14 

9 

65 

14 

compensated for vitamins C^ 

S-. 







and D \ 








D, 1 e , border line diets 

\ \ 


2 

40 


60 

5 

C,tO\A. 

' ^ ^ 







00 ^ > 

) 1 




Total 


184 
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Taiu 1 I — could 


- 

1 CllVU M ScMI- 

TOMS + + + 

CtlMCM S\Mr- 

WMS 4- + 

ClIMCAI SlMP- 
TOMS + 

Total 

Diet i ! 

j \cUnl 1 
lumdicr j 

1 

Per cent 

.is; 

1 

Actinl 

1 tminlicr 

1 

Per cent 

j numlicr 
of cases 


(b) Toni iiniiiirncd c I'sc'.— Ilindttc Molnnuncchns nnd Siklis 


n„ c, 1 

A lb C ! 

R, i 

1 

! 2 1 

j 

0 

n 1 

21 

S2 

i 

8 

i ''' 

1 

39 

57 

100 

21 

54 






Totu 


; 81 

(c) 

Fotal married and 

unmarried caves 

1 




B. C, 

29 

I i4 i 

44 

si 1 

12 1 

1 

15 

85 

A, B , G 

' 14 

9 

1 1 

70 

45 

71 

46 

j 

155 

B, 1 

1 1 

1 ! 

1 i 

2 

10 

IS 

75 1 

20 

D 1 

i 

i 

2 

40 

3 ' 

60 * 

5 

Totai j 

\r 

kO 


III order to show that want of ''Un and ot \itamin D in the diet are both 
intimately loncerncd with the rctiologa of this disease, the Hindu, Mohammedan 
and Sikh cases ha\e been arranged in a separate Table II 

Tabli: II 


Late iicktts and osteomalacia, cases from 10 to 55 ycais of age 



Ci iMC \t. Sa Mr- 
TOMS+ + + 1 

Ci iMCAi SaMP- 

TOMS + + 

CriMCAt Symp- 
toms + 

Total 
number 
of cases 

Actual 

number 

Per cent 

\ctual 

number 

Per cent j 

Actual 

number 

1 

1 

Percent 

i 

Hindus, married 

20 

18 

61 

55 

30 

i 

27 1 

111 

Mohammedans married 

19 

333 

19 

33 3 

19 

333 

57 

SikVis, married 

2 

12 

3 

18 

11 

70 

16 

Hindus, unmarried 

4 

9 ' 

16 

37 

23 

54 

43 

Mohammedans unmarried 

1 

3 ■ 

IS 

4S-S 

15 

48-5 

1 

; 31 

Sikhs, unmarried 


1 

1 

143 

6 

1 

85 7 
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The Hindus ma}’’ have a* small quantity of milk in their diet, they do not 
observe purdah, but tend to derive such vitamin D as they get mainly from 
exposure to the siin The housing conditions in the crowded bazaar^ are, however, 
such as afford scant opportunity for obtaining much sunlight, and the Hindu 
girl or woman rarely ventures any distance from her home Mohammedan girls 
begin to observe purdah from 7 to 10 years of age onwards and thenceforth 
have even less opportunity of obtaining vitamin D from the sun, thus though 
the diet of the Mohammedans is rather more balanced than that of the Hindus, 
their mode of living leads to even moie deficiency m vitamin D On referring to 
Table II, this fact becomes evidept These statistics confirm very definitely the 
findings of former investigators with regard to the letiolog}’' of osteomalacia 
{see references above) 

HuNGCR OSTtOMALACIA 

Owing to the poverty of many of the inhabitants of India the diet is often 
not only defective from a qualitative but also from a quantitative point of view 
Reference has already been made to the hunger osteomalacia prevalent m Germany 
and Austria as a result of post-war economic and social conditions A reference 
to Table I, a, h, c (Cl, C2 diets), totals married, unmarried and both, affords 
evidence of the fact that with what we might call ‘ ordinary ’ osteomalacia there 
IS also associated the condition of hunger osteomalacia The diets classified as 
Cl and C2 are such as would tend to result in the onset of Ininger osteomalacia 

In the upper part of the Kangra Valley cases of definite osteomalacia and 
late rickets are met with among men and boys as well as among women and 
girls, which appear to resemble the hunger osteomalacia described by workeis in 
Germany and Austria In cases of great poveity among females m cities hunger 
osteomalacia may also occur 

Table III 

Incidence of Cl and C2 diets {deficient in quantity as xvell as qualify) 



Total number of cases 

Number of cases with 
Cl and C" diets 

Simla 

75 

14 

Lahore 1 

89 

21 

Amritsar 

63 

14 

» 

Kangra Valley 

38 

- 

^ 

Total 

265 

i7 “ 


\ Excess cereal / 

In considering the effect of an excess of cere^ 6ie diet, the excess cereal 
diets (A'E\A2, A3) and normal cereal diets (Blfi B2, B3) have been compared 
with respec\ to clinical symptoms 
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TABtr IV 

Hirrcr aical diet Total utarned and iimitarncd eases 


' Diet 

CnvrcM Si ifp- 

TOMS+ + + 

, 1 

CirviCAi Si ifP- 
TOMS -f- + 

Cl IMCAl Si VIP-: 
TOMS 4- 

Total 
number 
of cases 

\ctinl 

mimlicr 

Percent 

Actual 
^ number 

1 

Per cent 

ActunI 

number 

Per cent 


13 

39 

I 

IR 

55 

2 

6 

33 

B, 

10 

1 

36 

! 

43 

6 

21 

^ 28 

1 

A, 

[ 4 ; 

I 

8 

24 

48 

22 

44 

i 

50 

1 

B, 

6 1 

10 

32 

1 

1 

48 

28 

42 

66 

A. 

3 

20 i 

2 

1 13 

10 

67 

15 

[ 

B, 

1 

1 

1 


1 

8 

100 

8 

Totai, j 

200 


From the nature of the classification of the diets it is to be expected that 
A1 and Bl, where Mtamm D is absolutely deficient should show greater differences 
(if any) than A2 and B2 since w ithin this latter classification, there will be consi- 
derable lariation in amount of Mtamm D, also it is to be expected that A3 and B3 
should show differences greater than \2 and B2 The number of cases falling 
into each group is not large, but the evidence of the total number of cases sug- 
gests that the excess cereal factor does play some part m rendering the condition 
of the patient worse Again comparing A3 and B3 diets in the same tables, it 
will be seen that patients on the A3 group of diet have shown worse clinical 
symptoms than those on B3 diets, w'lth regard to A2 and B2 diets w'here the 
amount of Mtamm D is \ariable, the correlation is less good 

Family history 

It has often been said that lack of vitamin D cannot afford a complete expla- 
nation of the setiolog}' of late rickets and osteomalacia and that other unknown 
factors must also pla\ a large role The chief argument in favour of such a 
statement has been that familial histones are very rarely obtained Note has 
alread} been made of the ver} scantv references in the literature to familial 
tendencies m late rickets and osteomalacia 

In order to satisfy ourselves as to the health of control cases living in the 
same household as our patients we made careful inquiries in a series of cases 

J, MR yy 
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in Simla These famil)’- histones were obtained by asking patients to bring the 
other membeis of their household to the Chnic Thus we were able to observe 
that different members of the same family, inhabitants of the same household, 
having the same diet and being under the same housing conditions exhibited early 
nckets, late rickets or osteomalacia m varying degrees of severity Familial 
histones in other districts refer only to cases which came of themselves to the 
Clinic for treatment without any special inquiiy 


Tablc V 

Cases of osteomalacia, late uckets and eaily nckets, family histones of inhabitants 

of the same house 








D C W tJ sou 011(1 E Suite 


899 


The CMclcncc brouijht foiuarcl tlicrcfoic, suggests that diet and housing 
conditions (i c , the amount of sun a\ailablL) arc the chief causes of the familial 
tendency 


2 
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I 
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I 
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1 
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/ 


Photograf’h of 3 siOcrs 

1 rt 11 \c-ir- 2 1:1 9 \c'ir‘i 1 Xt 7 jenrs 

A.1I show deformities of legs (htc rickets) No 3 shows 
comparatnel} greater elefornutx than No 2, because of more 
rapid rate ot growtli 1 he mother had marked osteomalacia 
(coiifinticd l)\ \-ra\ examiintion) 


Discussion vnd conclusions 

Tins section (No III) of the osteomalacia inqinr) is solely concerned with 
dietarj factors The experimental results apart from the very definite corrobo- 
ration of preaious work that lack of vitamin D is the predominant factor m the 
letiolog)^ of late rickets and osteomalacia, chiefl\ indicate the necessity for further 
inquin along dietetic lincc b\ means of animal experiments 

In ^\ estern countries the disease is only sporadic hut attention has been 
drawn to the fact that possibly in Western countries also there may be more 
osteomalacia than has lieen recognized hitherto Yoiing(25) m an article on 
‘The woman damaged by child-bearing’ draw's attention to the frequent history 
of ill-health of the mother after child-birth, attributing this to damage done to 
the pelvis at the last pregnancy, wduch damage may have been due to a defective 
calcium metaliolism causing osteoporoses and probably a very mild and hardly 
recognizable osteomalacia 

In drawing together the results of this investigation the importance of the 
sun as a source of citamin D m India must be emphasized, for Hindus because 
the vegetarian diet imposed by their creed affords little vitamin D content, and 
for Alohammedans because they exclude sun from their lives by observing purdah 
This practice of purdah is deeply to be deplored, since the greater severity of 
the disease among this particular group of the community is direct evidence of 
the need for ample sunlight to compensate dietic deficiencies It is interesting 
to note m this connection an observation made by one of our patients ‘If she 
did not sit in the sun regularly her pains became w'orse again ’ Once the disease 
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becomes established, inovement is extiemely painful The patient, therefore, 
necessarily tends to avoid movement, in other words she sta} s at home, and under 
the existing housing conditions this as a rule infers lack of sun, want of sun will 
cause a further exacerbation of the symjJtoins, and thus a vicious circle becomes 
established It is interesting to note that the incidence of osteomalacia among the 
Sikhs, city women living m Amritsar and Lahore, although perhaps in the same 
proportion as that among Hindus and Mohammedans is less severe in character 
This IS probably due to the fact that many of them are accustomed to sitting in 
the sun on the roofs of their houses for some hours each da)'- 

With regard to the question of hunger osteomalacia raised in connection with 
the diet where not only is the vitaimn content insufficient but the calcium and 
phosphorus and all other constituents are also quantitatively deficient, the findings 
indicate that some of our cases might be classified undei this heading The 
greatest percentage of such cases are found in the upper part of the Kangra 
Valley, the condition, we would suggest, being stiictly comparable to the post-war 
hunger osteomalacia in Central Europe It is in this region that cases of late 
rickets and osteomalacia occur also among men and boys, the symptoms here 
are not so severe because a fair number of the patients uork in the tea gardens 
and therefore get some vitamin D from the sun 

The importance of the amount of cereal in the diet still needs further in- 
vestigation In view of the difficulties of obtaining information from patients, the 
only method available appeals to lie individual personal investigation of the home 
conditions The indications of this part of the investigation, however, point 
towaids the large bulk of cereal m the diet causing an augmentation of tlie 
symptoms of the disease and possibly in some cases being the determining factor 
m Its development 

It is pioposed to investigate the lachito-genic action of the different cereals 
grown m the Punjab on rats, using the lat technique devised by Green and 
Me]lanby(26) 

There is yet anothei aspect of the dietary factors to be worked out — the 
possible relationship of vitamin C in connection with this disease The diets of 
these patients are lacking in vitamin C almost as much as in vitamin D, the 
amount of fresh fruit and uncooked vegetables consumed is veiy' slight It is an 
emperical fact that the clinical symptoms do not clear up unless the diet includes 
fre^ food Whether this is due to lack of vitamin C or to lack of the proper 
acid-Mse ratio, or to lack of propel salt balance yet remains to be determined 

It\nay possibly be aigued that the inquiry into family history is too scant 
to warr^t much consideration, and that not enough attention has been paid to 
members Vf the same families who are free from clinical symptoms of rickets 
and osteoinalacia Circumstances have so far not permitted as full an inquiiy' 
as would b^desirable, but from Table IV we venture to put forward the sug- 
gestion that a probable explanation of the familial tendency is due to a dietetic 
cause, or defe^ive housingf with consequent lack of sun, or both 
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PrcAious oi)ser\ations go to prove that in spite of geographical or social 
diltcrences osteomalacia and rickets arc liable to occur whenever certain vitamins 
arc deficient, cither in the diet or from lack of sun In the present paper the diets 
and housing conditions ha\e been investigated of 265 cases of osteomalacia (late 
iicketsl from four districts in the Punjab Amritsar, Lahore, Simla and the 
upper part of the Kangra Valle\ where the disease is prevalent 

The results show that — 

1 A consistent lack of latamm D either in the diet or due to want of 

sunlight was Imind to be a predominant factor in the rctiolog)% confirming the 

experimental findings in other parts of the world The importance of the sun 
as a source ot Aitamin D in India is emphasized both for the Hindu population 
because their diet is poor in a itamm D, and for the Mohammedans because of the 
greater scAentA ot the disease found among those Avomen wdio obsen'e purdah 
The amount of calcium and phosphonis in the patients' diet waas usua% adequate 

2 Cases of late rickets and osteomalacia are recorded among men and boys 

as AAcll as among AAOinen, comparable to the post-\Aar hunger osteomalacia in 
Central Europe Most of these cases are found m the upper part of the Kangra 

Valley AA’herc not only is the a itamm content of the diet insufficient, but the 

calcium and phosphorus and all other constituents are quantitative!) deficient also 

3 Excess cereal m the diet plavs some part in rendering the condition o'f 
the patient Avorse 

4 Clmicall) sAinptoms do not clear up unless the diet includes fresh food, 
whether this is due to a previous lack of A'ltamm C or of the proper acid-base 
ratio, or of proper salt balance yet remains to be determined 

5 In a series of cases the occurrence of osteomalacia, late rickets and early 
rickets among members of the same household living under similar conditions, is 
siiggestne of familial tendencies being due either to a dietetic cause or to defectn^e 
housing (i e , lack of sun) 
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OSTEO:^rALACTA (LATE RICKETS) STUDIES 

Part IV 
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-\n opportumtv has occurred of observing the relation of the incidence of 
dental caries to rickets during the course of an inqiurj' into dietary factors in 
the retiolog} of Osteomalacia(l) 

Though It IS still frequenth stated in textbooks that Eastern races rarely 
suffer from dental caries, the fact that dental canes is becoming more prevalent 
IS gradually being recognized Frampton Badcock(2) in his appeal for ‘an 
indigenous profession of dental surgery in India ’ at first states ‘ dental canes, 
the scourge of the Occident, is comparatively rare,' but subsequently in thfe same 
article savs, ‘India, however, is no longer immune from Western civilization and 
its effects are evidenced by change in habits, customs and diet Change of diet, 
especiall} the increased consumption of flesh foods and alcohol, is mainly res- 
ponsible for the introduction, especially into the crowded cities, of dental canes ’ 
The amount of dental canes is undoubtedly increasing, although the authors do 
not agree with the vvnter of this article as to the causative factors 

The 100 children available for this investigation were all suffering from 
rickets of varvmg degrees of seventy and were selected, as far as possible, as 
being representative of different ages (5 to 17 years of age) 

( 903 ) 
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The classification of the severity of rickets is based on clinical and X-ray 
evidence, and that of dental canes and hypoplasia determined by means of oral 
examination The examination of children of ages varying from 5 to 17 must 
include consideration of dental caries and hypoplasia m both the deciduous and 
permanent teeth The amount of dental caries and hypoplasia in the deciduous 
teeth IS very considerable Gross canes is usually to be found in the pre-molars, 
some canes in the remaining teeth, whereas hypoplasia is widespread The per- 
manent teeth except for the first molar, exhibit much less caries and hypoplasia, 
both of which are also less widespread Calcification m the first molar is begin- 
ning just after birth and therefore this tooth will tend to reflect any defects m 
the deposition of calcium during the first years of life In this note the dental 
canes and h 3 'poplasia in the deciduous and permanent teeth liave been grouped 
together 

The authors are well aware that many clinical conditions other than rickets 
may supervene and predispose to dental canes, for this reason the health record 
of each case has been investigated 

A. summarc of the results obtained is printed m the following Table — 

Tabi,]S 

Tota/ nuitibei of cases e\mnmed — 100 


Group 

Cases 

1 

■ Number 

1 

1 

Canes per cent 

Hypoplasia 
per cent 

1 

Gross rickets 

I 

1 

1 

100 

1 

100 

2 

Rickets 

: 24 

79 

96 

3 

Mild rickets 

<13 ' 

1 74 

90 

4 

Almost normal 

14 

1 21 

85 


Analysis of the Table 

Gioup 1 Severe rickets Total numbei ot cases 9 


Per cent of Per cent of 



cases 


cases 

Gross caries 

100 

Gross Hypoplasia 

89 

Xjanes 


Hypoplasia 

11 

xi caries 


Mild Hypoplasia 


^les 


No Hypoplasia 


Gioup 2 

Rickets 

Total number of cases 24 


aries 

21 

Gross Hypoplasia 

59 


42 

Hypoplasia 

33 

rnes 

16 

Mild Hypoplasia 

4 

'S 

21 

No Hypoplasia 

4 
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itiouj' I 

Mild rickets 

Total niiinhei of cases 53 


Gross caries 

2 

Gross Hypoplasia 

15 

Caries 

17 

Hypoplasia 

28 

Mild canes 

55 

Mild Hypoplasia 

47 

No canes 

26 

No Hjpoplasia 

10 

Grout' 4 

\lmnst norinal 

Total number of cases 14 


Gross canes 


Gross Hypoplasia 

7 

Canes 

7 

Hj'poplasia 

14 

Mild canes 

29 

Mild Hypoplasia 

64 

No canes 

64 

No Hypoplasia 

15 


It will be obbcncd that the 9 casci> of se\ere rickets all show gross dental 
canes, and in 89 per cent of the cases arc accompanied by gross hypoplasia In 
the 24 cases exhibiting rickets, the percentages of gross caries and gross h}po- 
plasia hare decreased, while those ot caries and hypoplasia on the other hand 
hare increased Some of the eases exhibit no caries and some no hypoplasia, but 
m no instance was there smniltancous absence of both Finally the greater 
majority of cases (53 in number ) classified as mild rickets show a further 
decrease of earies and hypoplasia, but an increase in mild caries and mild hypo- 
plasia as also an increase m the number of cases haying neither caries nor 
h3T)oplasia 

These figures although few and of a preliimnary nature, are indicative of 
the fact that the incidence of rickets and caries in parallel degress of seventy are 
co-existent Since rickets is now' recognized as a deficiency disease, the dietary 
factor m the "etiology of dental caries must also be of primary importance 

This conclusion is not new , it substantiates the work of May Mellanby m 
England, the exponent of this theory 

REFERENCES 


(1) 

Wilson, D C 
(1930) 

and SuRiE E 

Osteomahcia (late Rickets) Studies, Part III 
Dictarj Factors m the ,®ttology of Osteomalacia. 
Ijid Jour Med Res, Vol XVII, p 889 

(2) 

Frampton Badcocl. (1927) 

hid Med Gas , p 338 

(3(0 Mellanby, May 

(1927) 

Brit Dent Jour, July 1 and December IS 

(3&) 

Idem 

(1920) 

Dental Ricord, February 

(3r) 

Idem 

(1923) 

Bru Dent Jow , January I 

(3(0 

Idem 

(1923) 

Ibid, Septeutber 15 

(3^) 

Idem 

(1928) 

Pbvsiol Rtv, Vol VIII, No 4 




THE DIAGNOSIS OP KALA-AZAR BY THE HREA STIBAMINE 

TEST 


BY 

Matou II E SHORTT, r z s , i m s , 

* M \J0R \ C CR \IGHEAD, i m s , 

A'^SI'^r \NT SURGI ON R O ^ SMITH, D T M , I M D , 

Assistant Strccon II A H D’SILVA, ^rRCs,LRCP,IMD, 

AND 

Sub \sbisTANT Surgeon SR1BA.S DAS 
{Kala-acai Comimssion ) 

[Reccned for publication, J«l> 31, 1929] 

The clinical features of kala-azar arc so similar to those of other long- 
continued fe\crs 111 the tropics that a simple test to diagnose the condition has 
been a much-felt want The aldehyde and globulin precipitation tests, while useful 
in u ell-estabhshed cases of kala-azar, }ield no certain information m early cases 
and recourse mu>t then be had to spleen or liver puncture While this, m experi- 
enced hands, is a delicate and definite means of diagnosis, especially when supple- 
mented bj cultural methods, the general practitioner rightly hesitates to resort to 
it 

In June 1927 Chopra, Gupta, and David published a preliminary note on a 
new test discorered hj them at Calcutta It was claimed b} them that this test 
gace reliable indications ecen m the early stages of kala-azar and it was this claim 
which led us to undertake an independent nnestigation of the test 

Chopra and his collaborators found that the mixture of solutions of antimon}'^ 
compounds, especialh those containing urea, wnth the seium of cases of kala-azar 
resulted m the production of a thick flocculent piecipitate, w'hile the sera of other 
subjects produced no such reaction These eftects were said to be produced even 
m early cases of kala-azar 

Techniquf adopted in the present investigation 
Collection of sciuiii — The serum w^as collected in Wright's capsules from 
patients attending the Kala-azar Commission Climc for the diagnosis and treatment 
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of kala-azar, and was stored overnight at 37°C during the winter months and at 
room temperature during the hot weather 

Diagnosis of hala-a^ai • The routine method of diagnosis of kala-azar cained 
out by the Kala-azar Commission is Jn^er or spleen puncture and dnect micros- 
copical examination of the material obtained Where necessar3, this is supplemen- 
ted by cultural examination of the puncture material Examination of the peri- 
pheral blood for parasites is also done as a routine measure 

In the series of cases the subject of this investigation cultuies were made in 
288 instances as a special piecaution against error in giving a negative diagnosis 
In only one case was a positive culture obtained ivhere the result of the direct 
microscopic examination was negative It may, therefore, be taken for granted 
that the margin of error in diagnosis was negligible 

Dilutions of wea stthaminc and w/mi —The first 200 tests were performed 
with undiluted serum and a 4 per cent solution of urea stibamine m distilled water 
equal parts of each being used m each test This senes will, m the following 
account, be referred to as A senes 

The next 24 tests were performed with serum diluted nine tunes wath dis- 
tilled wated (1 in 10) and 4 per cent solution of urea stibamme m distilled cvater 
These cases constitute R series m the account 

The remaining 476 tests w^ere performed wuth serum diluted nme tunes with 
distilled w^ater (1 m 10) and a 2 per cent solution of urea stibamme m distilled 
w'ater These cases constitute C senes m the account 

Method of pafoimmg the ic<;t~A small quantity (0 5 cc ) of the serum, 
or diluted serum, is taken in a Dreyer’s tube To this an equal volume of the urea 
stibamme solution is added carefully so as to form a layer on top of the serum 
Reading of the test — This w'as clone within 5 to 20 minutes of putting up 
the tests We recognized no degrees of positivity or negativity If definite 
flocculation appeared at the junction of the two liquids, the test evas considered 
positive If only cloudiness appeared, or if the mixture lemamed clear, the test 
ivas recorded as negative 

RfiSULTS OF THF TESTS 
A Senes 

In this series of 200 tests the test was done cvith undiluted serum and 4 per 
cent solution of urea stibamme in distilled water The findings are recorded 
below m tabular form For purposes of comparison of the test wnth the findings 
obtained by the more precise methods of liver or spleen puncture, the agreement 
or ^disagreement of the tests wuth the diagnosis obtained by puncture is shown — 


Urea stibamine test and diagnosis Urea stibamine test and diagnosis by spleen 

BY SPLEEN OR LU'ER puncture AGREE OR LIVER PUNCTURE DISAGREE 


Positive 


Negative 


Test positive 
Puncture negative 


Test negative 
Puncture positive 


20 


64 


116 


0 
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CoMMI NTS ON* tut rrVOINGS IN A SERIFS 
Malaita — Ol llie 200 tests 28 ^\crc cases of malaria ami these gave the 
following results — 


Unt \ sTinwuM TtST wn tu\rNQ^i'; ' 
srirrN or iutk ruNCTurr ACRru 

Uui 1 STIlKMIsr VIST AM) DIAGNOSIS B1 SPLEEN 
OR lUER lUNCTliRF DISAGREE 

1 

r 

Po<;iti\c 1 Negstuc 

1 

Test positnc 
Puncture negatne 

Test negative 
Puncture positne 

0 12 

1 

1 16 

! 0 


1 


Of the 16 malaria cases gi\mg a positive test — 

4 were benign tertian malaria 
4 were malignant tertian malaria 
7 were quartan malaria 

1 was benign tertian and malignant tertian malaria 

Ot the 12 malaria cases gnmg a negatnc test — 

4 w ere benign tertian malaria 
6 w ere malignant tertian malaria 
1 was quartan malaria 

1 was benign tertian and malignant tertian malaria 

Prciiou^ treatment — \moiig the 200 tests, 30 patients had had preMoiis treat- 
ment for kala-azar at various treatment centres operating m the district and the 
ma 3 ont^ were prohahl} not jet cured Of tliese cases 2 still showed kala-azar 
parasites in the puncture material and one had iii addition dermal lesions Both 
ga^e a positne test In the remaining 2S cases 23 gave a positive and 5 a nega- 
tne test In the 23 cases giving a positive test malaria parasites were found in 
the blood of 7 

Healthy adults — A series of 12 tests performed on liealthv adults gave 
uniformly negative results 

As the general results of the tests w^ere so much m disagreement wnth the 
lahorators findings, the next series of tests was commenced 

B Senes 

In this series of 24 tests, the test was done wnth serum diluted 9 times ( I in 
10) and 4 per cent solution of urea stibamine in distilled water The findings 
are recorded below in tabular form — 


Urea STIBAMINE TEST AND DIAGNOSIS 1 
ST SSIEEN OR EWER PUNCTURE AGREE. ] 

UuF\ stibaminf test \nd diagnosis b\ spleen 

1 OR LIVER PUNCTURF DISAGREE 

Positive 1 

1 

Negatne 

^ Test positive 

Puncture negatne 

Test negative 
Puncture positive 

6 

i 

0 
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As the lesults here lecordecl stjJJ showed 50 per cent of disagreement with 
the laboratoiy findings, the next senes of tests in which a liighei dilution of urea 
stibamine was utilized was nndei taken 


C Senes 

in tins senes of 476 tests, the test was done with serum diluted 9 times (1 m 
10) and 2 per cent solution of uiea stibamine m distilled water The findings are 
recorded below in tabular form — 


Positive 

] 

Negative 

Test positive 

Test negative 

Puncture negative 

! 

Puncture positive 

79 

308 

8, 1 

8 


Coniniculs on the findings in C Senes — This senes shows 81 3 per cent of 
agreement with laboiatoiy findings, which still leaves a large margin of error 

Out of the 160 positive tests m this senes, 79 were cases of kala-azar Of 
the remaining 81 tests 19 were cases of malaria, one ivas filanasis, one liver 
abscess, and m 60 no parasite of any sort was demonstrated Out of these latter 
60 cases, 16 had preMously received tieatment foi kala-azai and it may be assumed 
ivere, or had been, cases of kala-azar Excluding these theie still remain 65 posi- 
tive tests ivhich disagree with the laboiatory findings, among ivhich 21 ivere 
definitely diagnosed diseases other than kala-azai This still leaves, in the case 
of the positive tests (160 — 16 = 144), a rate of disagreement with the laboratory 
findings of 45 1 per cent 

Cases in zvJnch the test zvas negative and fiunctuie finding positive — The 
8 tests 111 which the test was negatne and the puncture lesult positive, repiesent 
only 6 cases of kala-azar Two of the cases were tested a second time to confirm 
the pievious results All these were early cases vaiying m duiation up to at least 
two months In two cases the spleen w'as not palpable and m the other four it 
measured from one to three fingei -breadths below^ the costal margin 

y Malana — Of the 476 tests, 107 were cases of malaria and these gave the 
folllswnng results — 


Uuca stibaminb TrsT aad diagaosis b\ splsea 
OR imR ruACTURr msvGRge 


UrCA stibamine test AND DIAGNOSIS 
B\ SPEEEN OR LU'ER PUNCTURE AGREf 


UrEa\ STIBAMINE TEST AND DIAGNOSIS 
B\ SPLEEN OR EWPER PUNCTURE AGREE 



UrCA STIBAMINE TEST AND DIAGNOSIS BY SPLEEN 
OR LIVER PUNCTURE DISAGREE 


Positive^ 


Negatne 


Test positive 
puncture negative 


Test negative 
Puncture positive 
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Of the 19 m-ihria ca'^c'; cjn mq a positive test — 

9 were benign tcitian mahna 

5 were malignant tertian malaria 
4 were quartan malaria 
1 was undetermined 

1 was benign tertian and malignant tertian malaria 

Of the S7 malaria cases gising a negatuc test — 

27 were benign tertian malaria 
29 were malignant tertian malaria 
20 were quartan malaria 

10 were undetermined 

1 was benign tertian anci malignant tertian malaria 

Conr otha thou } ala-acor — Of these there were 20 and a negative reaction 
was obtained m e\err instance Tire series was distributed as follow^s — 

1 ease of cardiac disease 

1 case of Kaga sore 

1 case of s\philis 

1 case of ben-ben ( ’ epidemic dropsy) 

2 cases of asthma 
12 bealthv adults 

2 cases which had had kala-azar but at the time showed no signs of disease 

Picvtou^ ticotnicitf — Among the 476 tests 60 tests were performed on 
cases who had had treatment for kala-azar, and of whom mam w’ere probably 
not jet cured Of these cases 7 still showed kala-azar parasites m the puncture 
material In the remaining 53 cases, 19 ga\c a positive and 34 a negative test 
In the 19 cases gning a positnc test malaria parasites were found m the blood 
of 2 

Conclusions 

Although a total of 700 tests was performed, our conclusions are based only 
on the last 476 tests in our series for reasons which appear m the tevt These 
conclusions are — 

1 The test agreed with the protozoological findings m 81 3 per cent of 
instances 

2 Out of 144 positive tests, the diagnosis of kala-azar w'ould have been 
erroneous in 65 instances — an error of 45 1 per cent 

3 Out of 314 negatne tests, kala-azar parasites were found in S instances — 
an error of 2 5 per cent 

4 The test is of more value in excluding kala-azar than in revealing its 
presence 

Our thanks are due to Dr L E Napier, j,tRCs, lrcp, who, during the 
absence on leave of the senior author, acted as Director of the Kala-azar Commis- 
sion and supervised the researches m progress 
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PHLEBOTOMUS ABGENTIPES CAUGHT IN NATUEE 
INFECTED WITH LEISHMANIA DONOVANI. 
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In 1926 Shortt, Barraud and Craighead recorded the first Phlcbotoimis 
aigcntipcs caught in nature infected with Lcishmama donovam, since when no 
further records of similar findings in nature haie been published We have 
therefore made some effort to amplify our work in this field by the dissection, as 
opportunitj offered, of flies obtained in nature m Assam from the houses of kala- 
azar cases 

The flies w'ere collected at inteiwals over the period 28th March, 1928 to 
30th August, 1928 In all cases onlj houses knowm to contain a kala-azar case 
were searched for P arqcntipcs and, in most instances, each house was searched 
on se\eral occasions, the number of examinations per house varying from one 
to eight The small number of flies dissected is due chiefly to the fact that only 
a few specimens are, as a rule, caught at any one visit and the opportunities at 
our disposal for this aspect of our researches were limited At the same time it 
wall be evident from the results that a certain percentage of infected flies must 
always be present in houses harbouring kala-azar cases, a conclusion in harmony 
with findings m the laboratory when clean P argcntipes are fed upon cases of 
kala-azar The results of the dissections are given in a tabular form {see 
opposite) 

Conclusion 

Out of 226 P aigenftpcs collected in Assam during the period 28th March, 
1928 to 30th August, 1928 from houses of kala-azar patients, 7 proved to be 
infected with L doiiovam 


J, MR 
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Assistant SuRcroN R O A SMITH, d T m , i m d, 

AND 

C S SWAMINATH 
(Kala-acar Comtmssioit ) 

[Rccei\ed for publication, Julj 31, 1929] 

As a result of the uniforml} negative results obtained by all workers in 
attempts to prote the Iivpothesis of Phlcbolouius-tVMsmission of kala-azar, and 
encouraged iiy the success obtained bv various workers, including ourselves, in 
infecting animals by the oral route, we ha\e considered necessary the initiation of 
experiments to test means of transmission of kala-azar other than those involving 
the aid of some blood-sucking intermediarj 

With this aim in view, we deiised the three senes of experiments described 
below Ow'ing to the small number of Chinese hamsters (Crtcefulus giiseus) at 
our disposal, these experiments are only in the nature of a preliminary feeling of 
our way and it is hoped will be so regarded until they can be amplified when 
further supplies of suitable experimental animals are available 

Sciics I ProMintfv experiments 

Adelheim (1924) has recorded an experiment in which a mouse infected w’lth 
kala-azar and placed m a jar along with an uninfected mouse resulted in the in- 
fection of the latter If the hypothesis of direct transmission of kala-azar by 
contaminative means be considered a possibility, it will be evident that an experi- 
ment conducted on such lines, if continued for a sufficiently long time, wnll give 
ample opportunity for the healthy animal inadvertently to ingest any excretory 
products of the infected animal wdiich may contain infective material m the shape 
of Lcishvimia parasites In using hamsters, the simple form of experiment 
adopted by Adelheim is seldom feasible Tw'o hamsters placed together, and 
especially if of different sexes, almost invariably fight, a disagreement usually- 
resulting in the death of the weaker animal To avoid this termination of the 
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experiment, we placed each hamster in a rectangular wire cage Two cages, one 
containing an infected and one a healthy animal, were connected by adjacent sides 
with wire fastenings and were placed together in a larger earthenware vessel made 
to take two cages so connected Six infected and six uninfected hamsters 
{Cricetulus gttseus) were used in the experiment, which was commenced on 27th 
April, 1928 The infected hamsters had previously been inoculated intra- 
peritoneally from another infected hamster and were heavily parasitized 

Owing to a misunderstanding, the experiment was not earned on quite on the 
lines originally intended The intention was to have the cages enclosed m a 
larger vessel of non-porous material which would prevent the absorption of any 
infective excreta and urine but, actually, more or less porous earthenware was 
used In addition, as the cages were intentionally never cleaned, the accumulation 
of the daily food matenal in the form of gram, which dropped through the meshes 
of the wire cages, resulted in the gradual raising of the cages above the floor of 
the containing receptacle until they were several inches above their original level 
This gave little opportunity for the excreta and urine of one animal to contaminate 
the cage of the other, since any liquid material at once percolated down through 
the accumulated food debris at the site where it was deposited From these con- 
siderations we believe that only the early stages of the experiment, before the 
excessive accumulation of food material, were in the nature of a fair test, and 
that the later stages were necessarily ineffective This would mean tliat the 
healthy animals could only ingest infective material early in the course of the 
experiment or not at all, and strength is given to this view by the fact that the 
two previously healthy animals which became infected each showed a very heavy 
infection indicating a duration of many months The results of this series of 
experiments are given below in tabular form — 


Table I 


Showing details of ‘ pi oxivnty’ experiments 


Originally 

infected 

animal 

\ 


Originally 
healthy animal 

Date placed 
together 

Date of 
examination 
of onginally 
healthy 
animals. 

Result of 
exammation 

Remarks 

Hamster A 1 

27-4-28 

29-4-29 

Negative 

Hamster A 





died on 





5-4-29 

„ G 1 


10-5-29 

Negative 


C 1 


29-4-29 

Positive Very 

Hamster C 


1 


heav 3 " mfec- 

died on 

1 

1 


tion 

5-4-29 

! » D 1 

yt 

10-5-29 

Negative 


! E 1 


10-5-29 

Negative 


„ 2SC 1 


29-4-29 

Positive Very 

Hamster 250 




heavy mfec- j 

died on 




tion 

21-7-28 
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Rcimtls on Table I 

It \\il! be seen from tbe ‘remirks’ column that three of the originally in- 
fected hamsters died before tlic date of exainmation of the ong;inally healthy 
animals One of the former (25C) died not more than three montlis after the 
aninnls had been placed together and, is its opposite number proved later to be 
one of the two infected, it follow's that the infection must have taken place in the 
earlier stages of the experiment This strengthens the conclusion previously come 
to on other grounds that both the animals infected must have acquired their infec- 
tion at a comparatnel} carlj stage before the excessne accumulation of food 
interfered with the conditions necessan to the continued effectiveness of the 
experiment 

The two animals winch acquired infections were very heavily parasitized, the 
spleen in each case being enlarged to about fifteen times the normal size In spite 
of the hea^\ infection, the animals remained otherwise perfectly healthy and well 
nourished 

So ICS II Expcnnients ivith cenlnfugcd mine 

It has been shown (Shortt, 1923, and Shortt, Sw'aininath and Sen, 1923) 
that a certain proportion of kala-azar patients excrete Lctshmaim in their urine 
and this finding has been confirmed in the case of hamsters (Young, 1927) This 
appeared to furnish obvious indications for the infection of healthy animals by the 
oral route and a series of experiments to bring about this result was devised A 
series of twenty hamsters was given the centrifuged deposit from the urine of 
untreated cases of human kala-azar by the oral route The method adopted was 
to allow' a few' drops of the centrifuged urine deposit to fall from a pipette into 
the open mouth of the hamster The unne was never more than a few hours old 
and the administration was repeated at intervals of about a week or even less 
throughout more than a year The details of these experiments are noted below 
in tabular form — 


Tabi,E II 1 

Showing details of urine deposit experiments 
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Tabli: II — co)ifd 


Experimental 

animal 

Nature of 
infectne 
material 

Date of 
commence- 
ment of 
experiment 

Date and 
method of 
termiination 
of experiment 

Number of 
administrations 
of infective 
material 

Resuws 

Hamster A 5 

Deposit of 
centrif u g e d 
urine from 
untreated 
kala - a z a r 
cases 

12-1-28 

Post-mortem 
21 3 29 

68 

Negative 

A 6 


13-1-28 

»» 

72 

ft 

„ A 7 

) 

)> 


72 

tt 

, A 8 


if 


75 


, A 9 


12-1-28 

Found dead on 
8-8-28 

34 

ti 

„ A 10 

I 


Post-mortem 

21-3-29 

65 

1* 

A 11 

1 

20-1-28 

ft 

75 

1 * 

„ A 12 


>» 

ft 

74 

1 

A 13 

J 

ft 

Found dead on 
25-7-28 

31 

ff 

A 14 


ff 

Post-mortem 

21-3-29 

71 

)f 

„ A 15 

) 

» 


71 

1 

„ A 16 


21-1-28 

Post-mortem 

5-7-28 

31 

> 

, A 17 

J 

> 

Post-mortem 

21-3-29 

62 

n 

A 18 

11 

ft 

»» 

69 

11 

A 19 

ft 

if 

Found dead on 
6-9-28 

38 

tt 

A A 20 

ft 

?> 

Post-mortem 

21-3-29 

68 

ft 


\ Remarks on Table II 

'Th^failure of a senes of twenty animals to show any infection after repeated 
feeds on Wie centrifuged unne of untreated kala-azar cases may be interpreted in 
a variety of ways which we do not propose to go into at the present stage of our 
investigations Results obtained by us in cognate researches, however, would 
appear to indicate that the excretion of parasites in the urine of animals infected 
with kala-azar demands conditions other than the mere presence of parasites m 
the excretory ^organs We hope to say more on this subject in a subsequent 
publication 
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Sciu’; HI Expcnuiciils mill ccntnfugcd iittitc iititcd 'ifitli food materials 
This senes of expenmeiits wis ancillar\ to those clescnhecl in the previous 
senes The liaiiistcrh iiistcatl of being gi\cn urine deposit direct were fed upon 
gram whicli had mixed with it tlie deposits of centifuged urine from untreated 
kala-a/ar cases Twehe hamsters were utilired m tiie experiments and, as the 
same series of cases of kala-arar was used as m the pre\ious senes, the uniform 
ibscncc of infections which resulted is not surprising Details of the experiments 
are gnen below’ m tabular form — 

Taiili III 


Shorcnio diiaih of cipcrimoilK mfh qiam mned mth innw deposits 


Expermiciital 

animal 

Nature of 
iiifcctnc 
inatena! 

Date of 
commence- 
ment of 
experiment 

Date and 
method of 
temimatinn of 
experiment 

Number of 
admini''trations 
of infectne 
material 

Results 

Hamster C 1 

Gram mixed 
w ith nnne 
deposit 

12-1-28 

round dead on 
22-7-28 

39 

Negatisc 

, C 2 


' 

Post-mortem 

30-4-29 

74 

tf 

, C 3 

I 

» 

Found dead on 
15-6-28 

32 

ft 

„ C 4 

It 

t 

Post-mortem 

30-4-29 

74 

ft 

„ C 5 

if 

|) 

ft 

74 

tf 

C 6 


ft 

Found dead on 
29-10-28 

55 

t> 

C 7 



Found dead on 
6-8-28 

40 

» 

„ C 8 

Jt 

* 

Post-mortem 

30-4-29 

71 

ft 

C 9 

tt 

ft 

> 

72 


C 10 


ft 


72 

tf 

, c n 


f 

Found dead on 
5-10-28 

51 

ft 

C 12 

( 

tt 

Found dead on 
1-9-28 

44 

tf 


No remarks on this table are called for as those made on Table II are equally 
applicable here 


Sum At \RY 

1 Out of six uninfected hamsters kept continuously m proximity to six 
infected hamsters two became heavily infected 
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2 Out of twenty hamsters fed repeatedly on the deposit from the centrifuged 
urine of untreated kala-azar cases none became infected 

3 Out of twelve hamsters fed on gram contaminated by the centrifuged 
deposit from the urine of the same series of kala-azar cases none became infected 
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TITTED SEETES OF TEANSMTSSION EXPEEBEBNTS IN 
KALA-AZAR WITH PULEBOTOMUS ARGENTIPES 


M \joR H E SHORTT, r z s , r m s , 

M \jOR \ C CRAIGHEAD, i m s , 
\SSISTAKT SURGCOX R O A SMITH, D T M , I M D , 

AND 

C S SWVMINVTH 
(Kala-azat Covnitisston ) 


[Receded for pubhcitton, Jiih 31, 1929] 

A Expertmenis xc'if/i human volunteers and Phlebotomus argentipes 

This senes of experiments was instituted to supplement those already carried 
out uith human lolunteers and reported on m a previous publication (Shortt, 
Craighead, Smith and Swaminath, 1928) It was felt that the four volunteers 
then made use of was an insufficient number on which to base any definite con- 
clusions and It was therefore decided to carry out a further senes of experiments 
using a fresh batch of volunteers and submitting them to the bites of infected 
Phlebotomus a}gcntipes on a scale even more intensive than that previously 
achieved , 

In the publication referred to vve have given a detailed description of the 
precautions taken to avoid preventable fallacies in the experiment and it is only 
necessary to say that the conditions for the experiments there laid down were 
rigidly adhered to in the present senes 

Seven male Khasi volunteers, none of whom had ever been in a kala-azar 
endemic area, were enlisted Before the commencement of the experiment each 
was examined by cultural methods for the presence of kala-azar infection, although 
this was really an entirely unnecessary precaution since none of them had pre- 
viously left Shillong, where kala-azar has never existed 

Full details of the experiments are given below in tabular form — 
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Rcmails on Tabic I 

Tlic flics need 111 file expennieiUs were cxcliisnelj those InMiig their third and 
suhscqiicnt feeds, as it seems unlikely that flies at an earlier stage can be infec- 
tne We ln\e alwaes stiessed this point in onr previous publications as it has 
seemed to ns that main other workers on kala-a7ar were satisfied as to the possi- 
biliti of infection In the 11\ whenexei flagellates could be demonstrated in its 
gut In dissection after a feed Althongli we do not deny this possibility, a 
knowledge ot the anatomical structure of the fly would seem to render it extremely 
unlikch that a few flagellates m the mid-gut should obtain exit from the proboscis 
during Its act of feeding Tlie hear} infections of the anterior parts of the 
ahmentan canal seen in flics rcadj for their third feed would, how'ever, present 
at least the possibility of a iiumbei of the flagellates gaming access to the wound 
produced by the proboscis of the fly 

The actual mteiisiti of feeding b\ flies under the conditions of the experi- 
ment IS immensely gi eater than would ever obtain under natural conditions m 
Assam In addition to this the flics feeding m nature might have had their 
preiious feeds on uninfected human beings or on annuals, so that only a relatively 
small proportion would be infected with Lcidniiama, wdiereas all the flies used 
in the experiment had had at least their initial feed on an untreated case of 
kala-azar and certainly contained a very large proportion of infected flies In 
other words the conditions of the experiment multiplied by many tunes the actual 
number of flies which might have fed on an individual m Assam and multiplied 
to a far greater extent the proportion of infected flies The examination of the 
volunteers after the end of the period of feeding was by liver puncture and 
culture of the material obtained on NNN medium At the time of writing, 
18 months after the initiation of the experiments, none of the seven volunteers has 
shown any sign of infection w’lth kala-azar, but the lapse of a considerable time 
will be required before it can be said that the results of the experiments ha\e 
been definitely negative 

B Expcuwciits until xvhitc mice and Phlcbotomus argentipes 

The mice used in these experiments were animals wdneh w ere used for feei- 
mg infected flies upon on days when they w'ere not required for human volunterr- 
As will be seen from the table the intensity of feeding was verv great but fir 
the experiments wnth human volunteers, the results W'ere negative De^T- 
gnen below in tabular forms 

C Expel iments with white mice and Phlebotomus argentipes fed -r T’-ci 

blood only 

This small senes of experiments was devised m order to sfe -v.st-'rre 
failure to produce infections by the bites of P aigentipcs was ert -r 
after their initial feed on a kala-azar case, being fed mdiffere-r:- i- -r-n —A 
animals It was considered a possibility that the blood of amnzC- 'li -1, 



Tabi^c II 

Shozving details of tiaiisniission experiments with white mice and Phlebotomiis argentipes 
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from whom the parasite was originally obtained by tbe sandfly, might interfere 
with Its infcctiMt) 

To aroid this the flics in this senes, after their initial feeds on an untreated 
case of kak-arar, were fed exclusively on human beings (the same case or other 
kala-azar cases) up to their fourth feed The fifth and subsequent feeds w'cre 
on the c\i>crinicntal mice Bn tins means the pafasitcs present in the flv as a 
result of its initial feed were iicier exposed to other than human blood until 
their feed on the experimental animal At the same time the fact that all the 
flics were ha\ang their fifth or subsequent feed ensured that the infection with 
flagellates N\as a comparatiN ely old one and that sufficient time had elapsed for 
the production of special infcctne forms if anj such exist \s some doubt 
seems to exist whether mice when infected retain their infection indefinitely, or 
tend towards spontaneous cure, tlie animals which w'cre tbe subject of these 
experiments %\erc sacrificed at a comparatn ely earl\ date The details of this 
senes of experiments are giNcn below in tabular form 

Coiiiiiiriifr on tin thtcc strtes of crpcnmeiifs 

It will be seen from the tables that the experiments had a duration of one 
>ear and must haNC invohcd an immense amount of laborious routine work 
This will be realized when it is remembered that the flies used for feeding on 
human Nolunteers or experimental animals were exclusuely those haring their 
third or subsequent feed Those used m Series C were those having their fifth 
or subsequent feed Tins meant that each fly used had to be fed at least twice 
before it was of an} use for experimental purposes -ks the mortality among the 
flies after feeding is ahvavs considerable to obtain the number of flies actually 
used in the experiments, the numbers in the tables must be multiplied at least six 
times As an indication of the amount of entomological material necessary to 
the canning cut of these experiments, we give beloiv a few details of the numbers 
of flies bred out in the laboratorj and used for feeding purposes 

Number of flies bred out during the duration of expenments 273,467 

Number of flies fed in the laboratory during the duration of the experi- 
ment 79,939 

These remarks have been made m order to emphasize the intensive nature 
of the feeding by flies to which all the subjects of expenment were exposed As 
has preMously been remarked, this was enormously in excess of what could occur 
under the most favourable circumstances imaginable under natural conditions in 
Assam The failure of any of the subjects of experiment to show' infection w'lth 
kala-azar as a result while fresh infections were daily coming for diagnosis from 
the surrounding town and countr} -side, is ver} difficult of explanation if the 
tlieor}' of Phlcbotoums transmission is to be maintained We can only suppose 
that some essential factor in the process of infection has been omitted in our 
experiments Nvhich is present under natural conditions, or that the vast amount of 
labour expended by us under the trying climatic conditions of Assam during a 
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j)cnod of fi\c }cars has been expended on an insect -nhich is not an essential 
link in the clnin of infection 
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AN TAm^STIGATION OF SAI^IPLES OF KICE BELIEVED TO 

HAW. BEEN THE CAUSE OF BERT-BERI IN BURl^IA 

♦ 


BY 

Major G WRGHESE, i m s , 
Du/rif/ Laboratory , Maymyo 


Introduction 


Following up, in certain respects, the work of Acton and Chopra (1925), 
an in\ estigation was carried out at the District Laboratory', Maym\o, on samples 
of nee beliejed to ha\e been the cause of cases of beri-beri in Burma The 
imestigation was entirely from the point of view- of possible infection by micro- 
organisms 

The line of work consisted of — 

1 (c) Obtaming samples of nee consumed by ben-ben cases, and to study 

their special charactenstics 

(b) Isolation and culture of organisms, aerobic and anaerobic, from these 

grains 

(c) Determination of the toxicity or non-toxiaty of the organisms 

isolated 

2 Feeding experiments on animals, using a basal diet w'lth variations 

of healthy and infected rice Observation and record of symptoms 
produced 

3 Examination of the intestinal flora of these animals for presence and 

predominance of the organisms isolated from the grains of rice 

It is an admitted fact that extensive discussions and controversies have been 
carried on for long with regard tfo the causation of beri-beri Different varieties 
of causes have been assigned to this disease, diffenng widely in nature, but no 
particular theory' as regard its cause, so far as is known, has been definitely 
accepted, bu*- w'lthout fear of contradiction it may be stated that, this disease is 
most common amongst the rice-eating people, and not confined entirely to the 
poorer classes, tliough admittedly the-s seem to suffer most, living, as they do, 
under most unwholesome conditions 
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930 Investigation of Rice foi Ben-Ben in Burma 

My investigation has been restricted mainly to the question whether ben-ben 
IS an infectious disease due to some specific micro-organism, or its toxin, and con- 
veyed directly through the consumption of infected rice 

NoTgS ON SAMPr,ES OP RICC EXPERIMENTED ON 

Some of the samples of rice obtained for the expei imentations were from 
Mandalay, the consumption of which, in a few instances, was definitely associated 
with beri-beri in man Through Civil Surgeons in other districts in Burma, 
samples of nee, reported to have produced the disease m a number of 'people, 
were also obtained Twenty samples (associated with beii-ben cases) thus 
obtained from the undernoted stations were particularly studied with regard 
to the physical characteristics of the grains 

Cultural and feeding experiments were also carried out with these samples — 

1 Mandalay 4 Akyab 

2 Tavoy 5 Mergui 

3 Bassein 6 Toungoo 

It may be pointed out at the outset that one great disadvantage which was 
experienced throughout this investigation, and it was no small handicap, was the 
entire absence of local ben-ben cases, making it impossible to obtain much first 
hand information on various important points My personal observations on beri- 
beri cases duiing this work had to be confined to those seen, mostly, at the Civil 
Hospital, Mandalay, during my several visits to that place m this connection A 
limited supply of materials was also obtained through the help of some of the 
private medical practitioners in Mandalay 

Every endeavour was made to get samples of rice actually eaten by the 
patients before the onset of symptoms, but theie was again considerable difficulty 
in getting these giams, as, by the time the disease started, the bulk of the rice 
had already been consumed, hence it was difficult to get a sufficient quantity to 
carry out the experimental feeding of pigeons However, out of the 20 samples 
which were studied, 13 were known to have produced ben-ben amongst the con- 
sumers and 7 were alleged to have caused the disease amongst labourers m 
plantations, forests and elsewhere 

I t study undertaken on these various samples was to classify them 
their physical characteristics, adopting somewhat similar methods to 
ed by Acton and Chopra (1925) at the School of Tropical Medicine, 
nely, the water-test 

tudying these it is really surprising to notice what different shades 
of rice exist, it is also far more surprising to know what different 
ins, as regards their shape, size, colour, etc, are sometimes to be 
le same sample) mixed up and placed in the open market for sale, 
each stock depending on the excellence or otherwise of the grams 
wtiicU compose it, ranging from Rs 3 to Rs 7-8 per basket of 20 viss, 
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It IS found that fioin tfie time padd} is cropped it takes, as a rule, 6 months 
to one ^ear before tlie rice itself, in varjing grades, is brought up by nee vendors 
for sale in the open markets in Burma Further, it is gathered from rice mer- 
chants, that people generallv prefer the prenous years’ stock, as by keeping, it 
cooks well Perhaps it may be that the merchants themselves are responsible for 
this prevalent idea, so that they may be able to clear up their old stocks before 
touching the new During this period of delay before consumption, the rice 
undergoes various vicissitudes of fortune as regards steaming, milling, polishing, 
transport and storage 

It IS pointed out that so far as mv observations go, from the 20 samples 
referred to ahno-'t all grades and varieties of rice which aie stocked for sale 
contain the so-called diseased or deteriorated grains, no doubt varying with the 
qiialitv of the rice Some appear moukh, even containing weevils which, it is 
believed, arise cntirelv from too much moisture in the rice due greatly to mevit 
able exposure to rams during transport, and also to faults and insanitary methods 
of storage in ili-vcntilatcd places Such fault) methods of storage lead to deteri- 
oration of ricc m all possible wavs cspeciallv if the grams are broken or other- 
wise damage 1 m the process of machine milling One of the chief ways in which 
such deterioration takes place seems to be the invasion of the interior of the 
grams particularlv the broken and injured grams, by infecting micro-organisms 

Though It i' possible, on close scnitin}, with the aid of a magnifying lens, 
to detect diseased grains, the simple water-test method advocated by Acton and 
Chopra greatly facilitates such discovery as found by practical experience This 
method was mvanablv adhered to m the picking out of diseased grains from the 
various samples 

The test consists of putting a small quantity of nee in a dish of water, which 
brings into g'-eat prominence all the various characters of the individual grains 
A.S the authors state, if the grain is allowed to stand too long m the water the 
fruit becomes swollen and opaque, but this takes some ten minutes or more, so 
that there is ample time to study the rice (Acton and Chopra, 1925 ) 

By this method the sire, shape and external peculiarities as regards colour, 
smoothness or coarseness, and the diseased appearance in the interior of the gram, 
and many other physical defects can be detected 

Except for the fact that the good nee, the so-called Class I rice, is fairly 
long, thin, smooth and more or less transparent, there is nothing else that is 
characteristic of it However, even amongst the best class of rice, shorter and 
stouter grains are found The inferior class of rice is distinctly coarser in appear- 
ance and much discoloured The chief characteristic of the diseased grams is 
the distinct brownish, sometimes even blackish, appearance m the interior of the 
gram either m its centre, on its sides, or at its ends, usually in the centre Infection 
with micro-organisms gams access through the surface of the grams, generally 
through the embryonic site It is observed that broken grains are easily liable 
to be infected with micro-organisms Badly stored rice has an unpleasant odour 
Although opaque rice is universal, some grains appear to be very opaque 
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throughout, these aie usually found to be diseased, some are waxy m appear- 
ance 

On examination of the physical characteristics of all the samples of nee 
which were taken for investigation it was found that they were, judged from the 
above standards, definitely of inferioi quality, not all of them being highly 
polished 


Tablc I 


Showing physical charactei s, etc , of the 20 samples of rice expeumented on 


Number 

Station 

Physical characters 

Particulars 

1 

Mergm 

Polished, coarse stumpy, 

Definite number of associated 

2 


opaque Contained many 

cases not known, but reported 

3 


damaged, discoloured and 

to have been the cause of 

4 


diseased grams All mouldy 

ben-ben among labourers on 

5 


and poorly polished except 

a rubber estate 

6 

V 

No 1 which uas well 
polished 


7 

Akyab 

Highly polished appear to be 
of old stock Coarse, stumpy, 
broad grains, contained many 
damaged and diseased grams 

Reported to have been asso- 
ciated wuth ben-ben amongst 
a large number of Municipal 
coolies 

8 

Tavoy 

Well polished Short thick 
grains, contained large num- 
ber of broken, but hardlj 
any diseased looking grains 

Local name ‘ NGA BEIN’ 
cultivated in Tavoy District 
Stored in godowms for four 
months after milling, caused 
ben-ben m a large group of 
coolies 

9 

Bassein 

Weil polished, thick medium 
si^ed grains Contained large 
numbers of damaged and 
diseased grains, appeared to 
be old stock 

Definite number of cases asso- 
ciated wuth this rice not 
knowm 

10 


Poorly polished, coarse, broad, 
stumpy grams a good num- 
ber being damaged and 
diseased 

Definite number of cases not 
known 

11 

Toungoo 

A. mixture of different grades 
of coarse grains of various 
sizes and shapes Badly 

Local name ' KAUKNGE ’ 
Associated w'lth a widespread 
epidemic of bcri-beri among 



polished contained many 
damaged and diseased grains 

coolies employed on forest 
operations These cereals 

were grown in Toungoo Dis- 

12 

JJ 

Verj' mouldy, weeiils present 
A very poor quality of rice. 

tnct of Upper Burma, and 
milled at Toungoo The sup- 


1 

badly polished, coarse grams 

plies of rice reached the 
stores in the forest, for the 
year’s supply, during April 
and May 1927, and was issued 
m mid-June Stored in 
original gunny-bags, bags were 
sprinkled over with lime 
These two samples got slight- 
ly wet, having been caught in 
a show'cr of rain just before 
reaching destination 
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Number 

Station 

Pin steal characters 

Particulars 

13 

Mniiiial u 

Poorh pnlisiicd, contained fair 
ainoiint of daniaEcd grams 
winch were stump> and 
thick 

This was the ration rice 
obtained from the house of a 
bandsman of ll20th Burma 
Rifles, whose wife had 
del eloped ben-ben 

14 

> 

W ell polished thin, inediiim 
sired grains contained a fair 
amount of damaged grains 

bocal name ‘ YAZAN ’ This 
sample was also obtained 
from the above-mentioned 
house Purchased from 

Maiidalaj Bazaar, the whole 
familj used to eat it alter- 
iiatcli with the ration nee 

15 

» 

ell polished medium sized 
grams contained a %cr\ few 
hrol 1.11 griiiis a good clean 
rice 

Local name ‘ MUDIYA ’ Asso- 
ciated with a case of beri- 
beri — a Bengalee doctor 

pracfismg m Jfandalay 

16 

»I 

Fairb polished stumpj broad 
grams contained a fair iiiiin- 
ber of broken grains 

local name ‘NAZAMGALE’ 
\ssociated with ben-ben in 
a \tahommedan coolie 

17 

-- 

Lighth polished, medium sized 
Contained man> discoloured 
and damaged grams 

Local name ' KALA-0- 

ZEGWE’ Consumed by an 
Indian cook 

1 

18 


FairU well polished coarse 
stiimpi grains an inferior 
looking grade of nee Con- 
taining man\ damaged 

grams 

Associated with a severe epi- 
demic of ben-ben (both dry 
and wet aancties), amongst 
the Burmese boarders of the 
Anglo- Vernacular Training 

School at Mandalay 

19 

ff 

Well polished, whitish looking 
grains contained a large 
number of damaged grains 

Local name ' MOULOO ’ 
Associated with a case of 
epidemic dropsi in a pregnant 
Bunticse woman who was 
reported to have aborted after 
the onset of the disease 

20 

if 

^^'^cll polished medium sized, 
contained a few damaged 
grains 

Associated with a case of 
ben-ben — a Mahommedan 

cook 


All the samples experimented upon were of the milled Aariety, some well 
polished, but a large number less so, and all more or less damaged by milling, 
so that it would appear that the over polished condition is no criterion that rice 
for this reason alone would, when consumed, tend to produce the onset of the 
symptoms of beri-beri On the other hand, it would appear that the damage 
caused to the rice while undergoing the process of milling is the chief contri- 
butory factor in the deterioration of rice from almost all causes, especially when 
such grains are exposed to the deleterious influences of climatic and faulty 
storage conditions During wet and humid weather such kinds of nee get mouldy 
and are easily infected with micro-organisms in the manner already described 
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Isolation and culture or organisms rrom ricr grains 
The technique employed by Acton and Chopra (1925) was adopted for the 
isolation of organisms from diseased grains 

In the first place diseased looking grains were picked up after performing 
a water-test with a small poition of the sample of rice under investigation These 
grains were soaked for half an hour in pure carbolic acid, then washed free of 
carbolic in two changes of absolute alcohol and finally washed quickly in two 
changes of sterile watei By this means the grains were well sterilized They 
were then fractioned off by cutting them through transversely with a sterile 
knife, and then planted with the cut end downwards on plates of agar, and in- 
cubated under both aerobic and anaeiobic conditions Buchner’s tubes with pyro- 
galhc acid and caustic soda were used for anaerobic method of cultivation An 
agai plate devised for anaerobic cultivation by means of pyrogallic acid and caustic 
soda method was also used 


Table II 

Shoxvmg the morphological and biochemical pioperties and othei chaiacteis of 
the three types of mici o-oi ganisnis isolated 


Character of 

Type I 

TrPE II 

TiPC III 

growth on 
Agar 

Dry wrinkled, whitish 
growth tends to spread 

Moist brown opaque 
growth 

Moist brown 

Morphology 

Long bacillus c rounded 
ends 

Slender bacillus 
c rounded ends 

Slender bacillus 
c rounded ends 

Motihtj'' 

Neg 

Neg 

Neg 

Gram staining 


+ 

: + 

Spore 


1 + 

+ 


1 

i 

Centrally situated 


Liquefaction of : 
gelatin 

+n- 

1 

1 

4* 

+ 

Glucose 

A 

A 

A 

Lactose 

Neg 

Neg 

Neg 

Mannite 

A 

Neg 

A 

Dulcite 

Neg 

Neg 

A 

Saccharose 

A 

A 

A 

‘k 

A 

A 

A 

1 

1 



No clot 



k = Acid Neg = No change 










G Veighese 


935 


It IS to 1)C pointed out that not infrequently more than one type of these 
micro-organisms \\cre isolated from diseased grams picked up from the same 
sample T\pe I most predominant, then Type II, and Type III was met 
with onh m one sample of rice obtained from Mandalay 

Tins tends to show that injured grains of nee w’hen exposed to deletenous 
influences are liable to be attacked bv a variety of micro-organisms differing m 
some points of character, but more or less belonging to allied, though different 
groups 

From some of the samples of rice aerobic and spoie-bearuig bacilli, not 
differing from the T\pe 1 organism already described as found in the majority 
of the samples, were isolated after a portion of the nee had been treated and 
brought to boiling point for a minute, thus sbowang that the spore-bearing quality 
of these bacilli gnes them a fair degree of resistance to heat Attempts were 
made to cut sections of the diseased looking grams to find out if any micro- 
organisms were present m the interior of the grains From a few' such sections 
of different samples, degeneratne changes in the interior of the grams were noted 
along with the presence of a few spore-bearing bacilli 

The technique employed w'as as follow's ■ — 

The picked grains w'cre w'ell heated, but not boiled, in a test tube, and then 
transferred to three consecutne changes of 50, 60 and 80 per cent alcohol 
respectively 

By this means the grains became sufficiently soft for cutting, afterwards 
thej were transferred to a paraffin bath for tw'o hours and then cut Long 
bacilli, some of them with spores, were encountered in these sections, on examina- 
tion under an oil immersion lens, taking the Gram’s stain well Glassy and trans- 
parent looking areas were noticeable m parts of the sections surrounding these 
bacilli In some instances the whole field appeared to be h 3 'ahne in character, 
with the bacilli King m isolated groups These hyaline areas appear to be areas 
of liquefaction and other degenerative changes caused by the biological activity 
of the bacteria living m them 

Determination oe the toxicity, or otherwise, oE organisms isoeated 

The only experiment wdiich w'as attempted to determine this, was to inoculate 
rabbits and pigeons w ith emulsions of ' live ’ organisms 

Six healthy, medium sized rabbits were used for a total of five subcutaneous 
injections with six different micro-organisms isolated from the ‘ben-beri’ nee, 
beginning with 2 c c doses, increasing by 1 c c at 6-day intervals, and finishing up 
w'lth 6 cc for the last dose No signs or symptoms of any disease or discom- 
fort w'ere not'ced in any of the rabbits throughout this period, except in two 
rabbits, where a slight rise in temperature from 100 4° C to 101 °C in rectum 
on the first two injections occurred, subsequent injections did not even produce 
this sign 
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In healthy pigeons the angle was narrower as shown below — 



Tabm III 

Shozvmg details of each gioup of pigeons fed on ‘heii-hen’ rice 


Serzal 

Num 

ber 

Group j 

Number | 

) 

1 

i 

Sample 

Number 

Days 

under 

experi- 

ment 

Weight h 

Initial 

a GRAMMES 

Final 

Signs and symptoms noted during 
course of feeding 

1 

1 

1 

11 

40 

320 

192 

Green diarrhcea, paralytic gait, wings 




1 



drooped, neck slifiF and letracted 

2 1 



49 1 

352 

1 

160 

Do 

3 



62 

384 

224 

Do 

4 ‘ 



62 I 

320 

190 

As above, — ^retraction of neck only 



1 




slight 

5 

1 

i 

46 1 

1 

312 

184 

As for No 1 

6 



37 

328 

202 

Do 

7 

2 

12 

20 

285 

224 

Green diarrhcea, drooping mngs, and 



1 




staggering gait 

8 



39 

250 

160 

Green diarrhoea, head shghtly retracted. 





1 


both wings completely paralysed 

9 



44 1 

416 

190 

Green diarrhoea, legs paralysed, head 

i 






retracted, tail propped up 

10 1 



55 

381 

160 

Gieen diarrhoea, drowsy, wings drooped. 







profound asthenia 

11 



56 

388 

178 

Green diarrhoea, stiff and retracted neck. 







legs paralysed 

12 1 



60 

288 

210 

Do 

13 

3 

2 

25 

320 

288 

Green diarrhoea, marked retraction and 


1 





stiffness of neck 

14 i 



55 

266 

■ 192 

Green diarrhoea, slight stiffness and 







retraction of neck, blmd five days 




j 



1 before death 

15 



65 

262 

Vl9A 

Green diarrhoea, high steppma: paralytic 




! 



gait, complete paralysis of legs 

16 



75 

300 

224 

Green diarrhoea and emaciation 

17 



1 

j 65 

266 

i 199 

Green diarrhoea, stiffness and retraction 





1 


‘ of neck, paralytic gait 

18 ! 



42 

308 

245 

Do 

19 

4 

14 

IS 

1 

320 

256 

Gieen diarrhoea and marked emaciation 

20 



1 

SI 

320 

260 

Green diarrhoea, slight drowsiness and 







sudden death 

21 



32 

325 

288 

Green diarrhoea, drowsiness, drooping. 

\ 






high stepping gait 




33 

256 

192 

Green diairhoea and emaciation 

23\ 

1 


48 

276 

224 

Green diarrhoea, drooping wings, and 

r 

\ 





staggering gait 
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\\ I lOllT IV 

1 nUAMMl s 


Sirml 

Group 

‘5i\mp!e 

>111(101 



Si^ins niul vj inptoins noted during 


N iinilx r 

Numli r 

c\ppu 



1 1 mir»o of fecdm,. 

b( r 



limit 

fiiilml 

I iiinl 





17 

230 

170 

Vs iil)o\ e,— tocctlicr n ith BtifTness of 






1 

necU 



r. 

12 

192 

1 

Gricn duirrliocn, nock retracted and 







htifT, uinss drooped, paraljtic gait 




t'l 

j 204 

49S 

1)0 




2S 

' 184 

270 

Do 




27 

120 

270 

Do 




i 

I 420 

147 

1 Green diarrhoea, drooping wings high 







stepping paraii tic gait, stiff neck 

10 



28 1 

252 

108 

Green diarrhcoa, drooping mngs 

ai 

0 

19 


152 

208 

Gre'cn diarrhcoa 




Tl > 

372 

2SS 

Do 

■is 1 



20 

320 

204 

Do drowsy 

Si 

1 


48 

33G 

218 

Green diarrhcoa, drooping wings, para- 


1 


1 


j 

Jitic gait 

So 

1 


3! 

184 

237 

Do 

30 



31 

384 

>■»> 

Green diarrhcoa, retracted neck, leg* 






1 

and nines shghtlj paralysed 

37 

7 

IS 


208 

202 

Green diarrlicoa, legs parah led, wings 







drooped 

38 




202 

194 

Green diarrhoea, paralytic gait, stiff and 







retracted nock, n mgs drooped 

39 



48 

200 

198 

Do 

40 



39 

300 

214 

Do 

41 



30 

317 

235 

Gicen dinrrhcea, drooping mngs, highJ 







stepping paralvtic gait 

42 



34 

284 

190 

Do 


Careful post-mortem examinations of all pigeons were carried out 

The technique of dissecting the vanous organs was learnt from Major C 
de C Martin, i m s , of the Pasteui Institute, Rangoon, and was somewhat on 
the same lines as followed by Lieutenant-Colonel R McCarnson, i ai s 

The organs, heart, liver, spleen, thyroid, kidney, pancreas, suprarenals and 
ovarj' or testes, were removed and carefully weighed 

Practically all organs, with the exception of suprarenals, showed distinct 
signs of atrophy Spleen, pancreas and ovary showed the greatest amount of 
shrinkage, heart muscle was somewhat flabbjq and showed only a slight degree 
of atrophy There was no pericardial effusion The pancreas was found gene- 
rally atrophied, sometimes to the extent of weighing only 0 1 and 0 2 gramme 
as against 0 94 gramme usually met with in normal state In many cases 
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shrinkage of organs was more than half normal weight Kidney showed com- 
paratively the least variation from the normal Lungs were found to be healthy 
in all the pigeons dissected 

Several samples of blood from the hearts of dead pigeons, taken, under 
steiile conditions, immediately after death and submitted to cultural methods in 
nutiient broth and on plain agar, proved to be sterile No organisms were found 
in stained smeais of blood from heart, liver and spleen 


Table IV 

Shotvmg post-mo) ten findings on pigeons fed on 'beii-beii^ iice 


Group 

Num- 

ber 

Pigeon 

Number 

IVeioht or OHOANs, m okammes 

Heart 

Liver j 

Spleen 

1 

1 

Pancreas 

Supra- 

renals 

Thyroid 

Kidney 

1 

1 

28 

5 3 

1 

0 05 j 

04 

0 04 

0 02 

1 41 


2 

27 j 

5 3 ! 

0 102 I 

0 38 

0 01 

0 01 

12 


3 

2 1 i 

5 6 

0 07 

07 

0 01 

0 01 

21 

1 

4 

41 

i 

48 i 

0 12 i 

1 

06 

0 01 

0 01 

1 43 

1 

1 

5 

3 6 1 

49 

01 

0 44 

0 019 

0 01 

1 35 


6 

3 82 ' 

5 6 

016 

0 08 

012 

0 02 

20 

2 

7 

- 6 

49 

0 09 i 

1 

0 44 

i 

0 019 

0 01 

1 35 


8 

24 

4 5 

0 1 i 

0 1 

01 

0 01 

20 


9 

37 1 


01 

05 

0 05 j 

0 07 

1 3 


10 

34 

48 , 

0 16 

04 j 

0 016 

0 0) 

1 6 


11 

3 1 j 

72 

0 106 

0 58 

0 013 

00) 

I 6 


12 

2 7 

5 0 

0 08 

[ 

0 56 

0 01 

0 01 

1 4 

S 

13 

2 7 

6 1 

0 15 

04 

0 05 

0 01 

18 


14 

2 2 

38 

1 01 

06 

01 

0 01 

1 4 


lo 

26 

75 

0 1 

03 

02 

0 02 

1 8 


16 

26 

10 4 

' 00 

02 


0 01 

1 8 

\ 

17 




1 





18 



I 

1 

1 





\ 

23 

12 5 

0 407 

09 

0 01 

0 02 

23 


\ 20 

31 

10 2 

! 08 

! 0 5 

02 

0 02 

54 


' 21 

30 

10 5 

i 1 2 

08 

02 

0 02 

49 


\ 

■ 3 2 j 

86 j 

OS 

1 04 

i 

0 02 

1 7 


\ 
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\^'noiiT r>i onoAN*;, iv onv'MMrs 


Xum 

Ixr 

I'lpcon 1 
Xuraber ‘ 

t 

KcitI 

Lucr 

Sj'lcon 

Pnn< ron*! 

Siiprn ' 
roriais ^ 

Thyroid 

Kidncv 

4 

D3 j 

2 4 

88 

0 1 

04 

02 

0 02 

2 2 


24 

O O 

SO 

02 

0 3 

0 11 

0 01 

I 8 


1 

2 83 

7 37 

0 21 

1 02 

0 001 ‘ 

0 005 

3 63 


2f> 


j 


i 





27 

2 01 

7 -IG 

0 10 

0 38 

0 15 

0 05 

1 7o 


2S 

38 

1 3 

0 12 

0 4 

0 01 

0 01 

! 15 

1 


20 

1 0 

7 1 

0 03 

0 16 

0 02 

0 02 i 

1 2 2 

i 


on 






i 

1 

r» 

31 

17 

7 0 

0 03 

OCS 

0 02 

0 07 

14S 


32 

i 

G3 

012 

0 72 

0 03 

0 05 

1 8 


33 

i 








34 

1 30 

0 2 

0 14 

0 66 

0 030 

0 01 

1 8 


3j 1 




! 





30 ‘ 








7 

' 37 

3 32 

7 18 

0 05 

0 65 

0 05 i 

0 02 

2 1 


38 

28 

GO 

0 048 

0 05 

0 02 

0 01 

I 8 


1 39 

3 00 

7 0 

on 

OSG 

0 02 

0 01 

1 66 


40 

3 00 

6 83 

0 07 

07 

0 01 

0 019 

3 46 


41 

3 3 

53 

0 07 

0 65 

0 06 

0 03 

2 2 


42 

28 

48 

0 09 

0 48 

0 01 

0 01 

150 


ExPFRISIfiNT WITH RICH INOCULATCD WITH ORGANISMS ISOTATCD TROM 

‘ BGRI-BCRI ■■ Rice 

A quantity of the best, polished, Mudiya rice, was portioned out into four 
porous earthenware pots, three of these were mixed with three different types 
of live organisms isolated from ‘ beri-beri ’ nee , the organisms were emulsified 
in sterile water before being mixed with the good rice, the fourth pot was ear- 
marked as a control The pots w ere then stored m a somewhat dark, damp and 
ill-ventilated place after the rice in each pot had been slightly moistened with a 
small quantity of clean water The idea was to try and infect the good nee 
with a view to isolating, after sufficient time had elapsed the same type of organ- 
ism from the intenor of the grains, and also to carry out feeding expenments 
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hwestigation of Bice foi Beii-Beii in Bin in a 


on pigeons to see if these artificially infected grains would cause ben-ben 
amongst them Storage foi six weeks was considered suitable for this purpose 
It was thought that this experiment would help to determine the toxicity or 
non-toxicity of the oiganisms isolated 

Three batches of six weighed pigeons were freely and entirely fed on the 
three samples of rice subjected to infection as stated above A fourth batch of 
SIX pigeons were fed on the conti oiled nee of this series No other food formed 
part of their diet 

The following results weie obtained — 

Four pigeons of one batch and thiee of anothei developed symptoms of 
polyneuritis within the first two weeks , the majority, during the first week The 
minimum number of days required for the onset of definite signs was four, and 
the maximum, twelve The usual loss of vigour, green diarrhoea, emaciation, 
stiffness and retraction of neck muscles, drooping of wings, and piogressive 
paralysis of the legs, w^ere the chief signs noted In the third batch all developed 
profuse green diarrhoea and died during the second and third iveeks (all but one 
dying during the eaily part of the second week) wnth marked emaciation, none 
of this batch showed paralytic or other neivous symptoms In the control batch 
one died on the thud day and another on the sixth day, neither shoived any out- 
ward manifestations of disease except loss of weight, tne remaining four survived 
and looked active and healthy at the end of the fouith week w'^hen the experi- 
ment w^as concluded 

Post-mortem examinations on all pigeons w'ere carefully carried out 

Almost all that died after feeding on the artificially infected iice showed 
marked atrophic changes in all organs as judged from the loss of w^eight of the 
organs, both pigeons of the control batch, wduch died, showed no apparent changes 
m the organs 

The four samples of rice used m this experiment were distinctly mouldy, 
even the controlled sample, and had an unpleasant odour 

On doing the w^ater-test the majority of grains of the three artificially in- 
fected samples w’^ere found to have a definitely diseased appearance, with black 
or brown spots in the interior or at the sides of the grams All of the broken 
pieces of lice appeared to be severely affected 

The control sample, though it also showed diseased looking grains, w^as not 
nearly so bad as the other three From the interior of the picked grains, from 
all four samples, spore-bearing organisms w'ere isolated, none, however, showed 
exactly identical bioclimcal leaction with those originally used for infecting the 
grains All w^ere Gram positive, long bacilli, giving a diy wdiite giowdh on agai 
and rapidly liquefying gelatin, they produced acid in glucose and saccharose but 
none in lactose Although there w'as a slight difference in the bioclimcal reaction 
it w^ould appear that all belong to the same gioup, similar to the organisms used 
for this cxpernHent 

Sections of raseased grams show'ed the presence of this type of organism in 
their interior. \ 
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Thib expcnmcni i)ro\Cb that nucro-organibnib tisuallj met with and isolated 
irom di'ca'Cd rite grains tan In. used tn mlctt good nee, that injured rice is more 
liable to intasion, and tliat rice, stored under unhygienic conditions of moisture 
and warmth and, Iclt nnexposcd to the tempering influence of fresh air, is more 
like!} to become in\aded with this class of micro-organism, and to deterioration 
in other wa)s 

If this short period of storage under conditions identical, or analogous to 
those, not infrequently, met with in general practice, anu not altogether avoidable 
in many cases, led to infection it can easily he imagined how rice becomes infected 
during long storage in shops and godowiis, especially when outbursts of rain have 
caugnt and damaged the rice in the course of transport from one place to another 


L\\min\tion m Tin i\cklt\ of imgions iid on ‘ beri-bfri ’ rice 


Small looplnis of '■e\eral samples ot exereta of sickly pigeons were examined 
both microstopicalh and b\ cultural methods For microscopical examination, 
ordinary staining by Grains method, and special staining for spores were 
employ ed 

In practically c\ery film examined, long spore-bearing bacilli were seen 

Isutrient agar plates and McConkes s medium were used for isolating 
organisms from these faeces 

In 11 out of 19 samples ol excreta taken, as early as seven days and as late 
as 29 da\s after commencement of feeding, and planted on plain nutrient agar, 
these organisms were isolated Bacillus pyocyaiicus was isolated in two of these 
samples, it mac be of interest to note that the majoritc of organisms grown on 
plates showed Gram positice reaction 

A few controlled tests of similar nature were tried wuth the excreta of 
healthc pigeons not fed on ben-ben ’ rice, but fed on paddv and good rice The 
interesting point about the extreta of healthy pigeons was, not only the marked 
macroscopical difference compared to that of the green watery excreta of sickly 
pigeons, but also the distinct predominance of the Gram negatne tvpe 

Observations made from this experiment were — 

1 In the excreta of deceased pigeons, spore-bearing bacilli were found in 

greater abundance 

2 The source of this tvpe of bacilli was, possibly, the rice the pigeons fed 

on 

3 In the excreta of pigeons fed on ‘ ben-ben ’ rice the Gram positive ty pe 

of bacteria abounded, whereas in healtln pigeons the Gram negative 

tvpe was predominant 

4 Bile salt m IMcConkev’s medium did not seem to inhibit the growth of 

these spore-bearing bacilli 


CoNCEUSlOX 

1 The mechanical damage caused to the rice m the process of machine 
milling which, while it polishes the pee causes great damage to the grams, ,s the 
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chief contributory factor to then cletenoiation when exposed to the deleterious 
influences of climate 

2 The highly polished condition of rice is no criterion that it would, by 
virtue of that condition alone, tend to produce the onset of symptoms of ben-ben 
among those who consume such nee 

3 The more inferior the quality of rice, the moie broken and injured grains 
does it contain This mJur 3 ^ under conditions of optimum warmth and moisture 
and long storage, rendeis the giains easity liable to infection Ijy a class of rice 
organisms which invade the interior of the grains through external lesions, the 
presence of which can be demonstrated in microscopical sections of infected 
grains and by cultural methods 

4 These organisms can be demonstrated in the excreta of pigeons fed on 

infected nee and, as such, they are non-pathogenic to laboratory animals and 
possibly to human beings ' 

5 An organism or group of organisms as the sole specific cause of ben-ben 
has not yet been determined, the poison cannot be of the nature of living germs 
conveyed through food, as nee is one of the articles of diet which is very well 
cooked 

6 The nee organisms living inside the grains probably produce by their 
biological activities, some poisonous elements which may be thermostabile, not 
affected by cooking These poisonous elements may be a factoi in determining 
the onset of ben-ben and epidemic dropsy, or, it may be, that these organisms 
extract some active principles, such as vitamin B, from the rice grains, the lack 
of which may produce disease symptoms in man and pigeons 

7 The presence of these organisms in rice in large numbers, or, in other 
words, the presence, in great numbers of diseased grains m nee is an index of 
Its inferiority as regards its unfitness for human or animal consumption 

8 It would appear that over-pohshed or highly polished rice, as such, is 
not the chief factor to be reckoned with in the causation of ben-ben, in so far 
as the part played by rice in its causation is admitted , but, on the other hand, it 
IS the problem as to how far rice, damaged in the process of machine milling, 
tends to become deteriorated on account of bacterial invasion when so exposed 
to moisture and heat as to permit of its being the easy vehicle of disease process, 
that should claim the further attention of workers m this field 

This work was undertaken with the approval of the Diiector of Medical 
Services in India during the year 1927-28, at the District Laboratory, Maymyo, 
and with the assistance of funds kindly placed at my disposal by the Committee 
of the Research Fund Association 
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A NOTE ON THE KEEPING PEOPEBTIES OP POLYVALENT 
DYSENTEEY BACTERIOPHAGE 


ny 
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[Reccned for publication, August 14 1929] 


Tnr question of the keeping properties of bacteriophage is one of great 
importance, more especially to medical men in the tropics, who often live under 
conditions where fresh supplies of this substance cannot be obtained easily 
With a MCiv to testing these properties, 76 capsules of a polyvalent dysentery 
bacteriophage were e\amined, which had been kept under varying conditions of 
temperature during a period of 20 months 

The bacteriophage used w'as manufactured at the Pasteur Institute of Burma, 
Rangoon, on 23rd October, 1927, from antidysenteric strains both Shiga and 
Flexner originally supplied by Dr d’Herelle and which had been reinforced later 
by the addition of many local strains bacteriolytic to both bacilli After manu- 
facture It had been tested for lytic action against several strains of Shiga and 
Flexner and it was found that suspensions of these organisms were cleared up 
completely after a few' hours incubation at 37‘’C The sterility tests were also 
negative at this time 

In November 1927, the samples w'ere taken to England via Colombo packed 
in a trunk m the ship’s hold Hot weather was experienced round Colombo and 
also in the Red Sea The bacteriophage w'as not unpacked m England and m 
December 1928 w'as brought back to Rangoon also in the ship’s hold when hot 
weather w'as again encountered in the Red Sea From January 1929 to the 
beginning of June it was stored m a box in Calcutta and m June 1929 was sent 
up to Kasauh by goods train, arriving here at the beginning of July The latter 
journey was made at the hottest time of the year when temperatures between 
110° — 120°F in the shade are common 


It W'as therefore decided to endeavour to ascertain w'hether the varying 
degrees of temperature to w'hich the bacteriophage had been submitted during 
a penod of 20 months had in any way altered its properties and also w'hether 
the bacteriophage was still sterile 


J, MR 
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The following procedure was adopted — 

(1) To test the sterility of the tube contents 

(a) Examination by naked eye for evidence of tuibidity and microscopically 

for other evidence of bacterial growth 

(b) Four drops of bacteriophage were added to a tube of Douglas’ broth 

and the same amount planted on an agar slope and incubated for 
eight days at 37 °C 

(2) To test the potency of the bactciiolyfic action against B dysenterije 
shiga {Stokes, Oxfoid) and B dysenterise flexner {Hiss and Russell, Bombay) 

(a) A sufficiency of growth from a 24 hour culture on nutrient agar of 
Shiga {Stokes, Oxfoid) was suspended in 10 cc of broth to give a 
distinct haziness Into this was placed one drop of bacteriophage 

{b) The same procedure was carried out in the case of the Flexner type 
of organism 

(3) To test the theiapeutic action, the bacteriophage was tried on two cases 
of dysentery, the diagnosis of which was confirmed culturally and the results 
noted 

The procedure noted under (1) and (2) was cained out with each of the 
76 tubes The tests were examined for a period of eight days and the results 
noted daily 

Results of the evp'ermient 


Table 


Bactenolytic Action 


i 

Shiga suspension 4- I drop 
bacteriophage 

1 

Flexner suspension + 1 drop 
bacteriophage 

Numbers of tubes 

■ Result after 

24 hours 

i 

Occurrence of 
secondary 
growth on — 
day 

Result after 

24 hours 

; 1 

1 

Occurrence of 
secondary 
growth on — 
day 

6, 9 to 21, 26, 30, 32, 33, 

Clear 

mi 

Clear 

mi 

43, 44, 45, 48, 49, 51, 
52, 54, 62, 65, 7L 





7 


2nd 


7th 

8 


2nd 


! 2nd 

46 


5th 


5th 

61 


5th 

t 

i mi 

4, 5, 22, 24, 35, 42, 56, | 


mi 

»« 

i 2nd 

60, 64 73 to 76 i 





36, 47, 55, 59, 63, 66, 67, ' 


mi 

tt 

3rd 

69, 70, 72 





23, 34, 39, 40, 50, 53,; 


mi 


4th 

57. 58 , 




5th 

68 


mi 


1 2, 3, 25 


mi 

»» 

7th 

27, 28. 29, 31, 37, 38, 41 


mi 

♦ » 

1 

8th 
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(1) Sicnhiy 

(a) In none of the tubes dtd naked e>c and microscopical examination show 

any evidence of bacterial growth 

(b) All the tubes were tested for sterility by the culUiral procedure described 

abore In the cultures from a few tubes, sometimes in broth and on 
a few' occasions on the agar slopes, contamination with staphylococcus 
w'as found Rc-ciilturing of the same tubes of bacteriophage gave 
negatuc results on tw’o retests, so it is very probable that the grow'ths 
w ere due to air contaminations occurring when the cultures w'ere made 
as this was a verv dusty season of the year 

On one occasion howeicr a diphtheroid organism W'as found and on another, 
a coliform organism gnmg the sugar reactions of B coli couiuiuuis Retest of 
the bacteriophage from both these ttibes gave negative results on tw'o separate 
occasions On no occasion was an\ pathogenic bacterium of the nature of a 
dysentery bacillus found 

(2) The suspensions of both types of dysentery bacillus w'ere completely 
cleared at the end of 24 hours by the drop of bacteriophage m all cases, but on 
seieral occasions after the primary clearance a secondary growth reappeared 
The results of these experiments are summarized in the Table 

(3) Thciapcutic 

The bacteriophage w as tested for its therapeutic properties on tw’o cases — 

Case 1 — A D male adult suffering from colic Temperature 101°F passing frequent 
stools of pure blood and mucus kficroscopicnl cxamimtion of the stool showed a typical 
bacillars dssentcr> exudate and hactenological examination showed the presence of an 
organism giving the cultural reactions of B dvscntrntr flcnicr One c c of bacteriophage in 
two ounces of water w'as gi\en three times a dav for the first two dajs Abdominal discomfort 
disappeared by the end of the first daj and on the second da> the stools became faical, though 
they were still loose On the third day a further three doses of 1 cc each were given and 
by the fourth daa the patient stated that he had completelj reco^e^cd This was a severe 
test in a waj as the patient had to go down to the plains on the day the treatment commenced 
and carried out his duties wathout rest or special diet 

Case 2 — B T male adult History of dysenterv during the war Now’ showing well 
marked symptoms suggestive of each sprue, i c , sore tongue and passing several copious, pale, 
frothj and offensive stools during the course of the da> Bacteriological examination of the 
stools showed the presence of an organism giving the reactions of B dysentenw singa 

He was given 1 c.c of bacteriophage in a few ounces of water three times a day for 
four dajs The condition of the tongue improacd, the stools became formed and well coloured 
and were passed twice a daj which he states is normal for him He states that he is better 
since taking the bactenophage than he has been for a long time 


Analysts of the Tabic 

It w'lll be seen from the Table that after a primary clearing up secondary 
growths appeared in the Shiga suspensions on four occasions, namely, in tubes 
7 and 8 on the second day and tubes 46 and 61 on the fifth day 
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The behaviour of the Flexner tubes was variable In all 46 out of the 76 
tubes examined showed secondary growths from the second to the eighth day 

2nd day 14 Sth day 2 

3rd „ 10 7th „ 5 

4th „ 8 Sth „ 7 

Another interesting feature was that in sample 7 there was a profuse secondary 

growth in the Shiga tube on the second day which again completely cleared up on 
the eighth day and in sample 8 both the Shiga and Flexner tubes showed a profuse 
secondary growth on the second day but m this case they both cleared up on the 
third day I am unable to explain this phenomenon nor am I able to explain 
the variation in times of the occurrence of secondary growths in the Flexner 
suspensions 

Conclusions 

1 Under the conditions of the test this polyvalent dysentery bacteriophage 
has retained its bacteriolytic action on strains of B dysenteric sJnga (strain 
Stokes, Oxford) and B d^senteiice fle.\nci (strain Hiss and Russell, Bombay) 
which were used in the test, for a period of 20 months 

2 It has retained its therapeutic properties in the two cases tested 

3 It has retained its bacteriolytic and therapeutic properties under varying 
degiees of temperature and climate 

4 In no single case was there any evidence of the presence of an organism 
of the dysenteiy group eithei in the capsules containing the bacteriophage or in 
the Douglas’ bioth and nutrient agar tubes used for testing the sterility of the 
bacteriophage 

I am indebted to Captain H W Mulligan, i m s , and Major D Pottmger, 
M c , M R c P , R A M c , for affording me the opportunity of testing the therapeutic 
properties of the bacteriophage on the cases mentioned in the text of this note 
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[Rcceiied for publicition August 27, 1929] 


WniLC engaged on a study of urinary fat m cases of chyluna bc had on 
many occasions to determine the lilood cholesterol content and we noted that the 
figures obtained were aboie the average, as determined liy us previously in a 
study of the normal cholesterol content of Indian blood As, however, only a 
small number of cases w'cre examined, we refrained from making any comment 
on the subject at the time Thanks to the co-operation of Dr Sunder Rao W'e 
have since been able to extend our obsen'ations over a senes of fifty cases of this 
condition The actual method employed for the estimation w'as the same as that 
described in our previous paper, and our results show^ an average cholesterol 
content in filaria of 0 146 per cent with a maximum and minimum range of 
0 22 per cent and 0 12 per cent The actual condition present m the patient and 
the mdnidual cholesterol content are shown m the followmig Table 

Conclusions 

(ll In filaria the blood cholesterol content is increased 

(2) The maximum noted w^as 0 220 per cent and the minimum 0 12 per 
cent with an average of 0 146 per cent as against the normal average of 0 116 
per cent 

Our thanks are due to Dr Sunder Rao for having supplied us with material 
and also to the Indian Research Fund Association for a grant 
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Table 


Number 

Age, nationality 

Other particulars 

Cholesterol content 
per cent 

1 

22, Hindu male 

Filarial orchitis 

015 

2 

40, „ 

„ lymphangitis 

0-133 

3 

22, , „ 1 


0^15 

4 

20, „ „ i 

Microfilaria + 

0-133 

5 

20, „ 

Filarial lymphangitis 

014 

6 

10, „ 

Elephantiasis 

0-133 

7 

17. „ 

Filarial lymphangitis 

0*12 

8 

>» 1] ! 

Microfilaria + 

0-133 

9 

1 

so. „ ,. i 

1 


i 0rI2 

10 ! 

22, „ , 1 

Filarial lymphangitis 

0-15 

11 i 

46, ff j, * 

Microfilaria + 

0133 

12 i 

1 

20, „ 

Filarial lymphangitis 

012 

13 

17, „ „ 

Elephantiasis 

0-133 

14 

17, ,, ,, 

Filarial lymphangitis 

0*16 

IS 

20, „ „ 

ft »> ! 

0133 

16 

42, „ „ 

Filarial lymphangitis 

and elephantiasis 

0-12 

17 

48 „ „ 

Filarial elephantiasis 

0-20 

18 

20, „ „ 

Elephantiasis scrotum 

013 

19 

21 

Filarial lymphangitis 

013 

20 

i 

46, „ „ 

Filarial elephantiasis 

0-12 

21 

48, „ ,, 

Filarial lymphangitis i 

0-15 

22 

39, „ 

Filarial scrotum 

0*18 

23 

22, „ 

Filarial lymphangitis 

012 

24 

20, „ 

Filarial elephantiasis 

012 

25 

3Sj ,, ,, 

11 11 

Cri6 

26 

40, „ 

Filarial lymphangitis 

0-20 

27 

35, „ „ 

tr tp 

0-12 

28 

12, „ 

1 

jf 11 1 

0-12 

29 

1 

22, „ 

Elephantiasis and lym- * 
phangitis 

0133 
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Number 

Age, inltombtj 


Otlicr particulars 

Cholesterol content 
per cent 

30 

27 

ilindn male 


rdarnl 1> rnphangitis 

0-15 

31 

36, 



♦ t »» 

015 

32 

40, 

t »» 


Elephantiasis 

016 

33 

45, 

t if 


Filanal Ij mpliangitis 

and abscess scrotum 

ffl7 

34 

40, 

» < 


Cln luria 

0-17 

35 

50, 

1 M 


Lampliangitis scrotum 

0-17 

36 

23, 

»» t1 


Elephantiasis 

0*12 

37 

52, 

1i 


Eilanal Ijmpbangitis 

0-15 

38 

20 

It > 


1 

0-16 

39 

45 

Mnltommedin male 

Microfilaria + 

015 

40 

52, 


tt 

tt 

0-14 

41 

35. 

, 

tt 

tt 

0-14 

42 

22, 

, 

tt 

Elephantiasis 

(ri2 

43 

25, 

»» 


Filarial Ij mphangitis 

or 12 

44 

30, 

t 

tt 

Filarial Ij mphangitis 

scrotum 

0-20 

45 

35, 

ti 

tt 

Filarial scrotum 

0-17 

46 

22, 

11 

tt 

Elephantiasis 

0*12 

47 

35, 

It 

tt 

Filanal orchitis 

0*22 

48 

35, 

tt 

ft 

Filarial scrotum 

0*16 

49 

42, 

11 

t 

Elephantiasis 

016 

50 

36, 

It 

tt 

Elephantiasis scrotum 

016 


Myehs and WardEli, (1918) 
Bo\d and Roy (1928) 
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A NOTE ON TWO SPECIES OP INDIAN ANOPHELINE 
MOSQUITOES— A INSUL/E FLORUM SWELLENGREBEL 
AND A AITKENII JAIMES, WITH ITS VARIETY 
BENGALENSIS NOV VAR 

BY 

I M PURI, M sc (Punjab), PHD (Cantab), 

In-chargc of the Inquirv on the Larval Cha) alters of the Anophehne Mosquitoes 

of India 

(Central Rcseanh Institute, Kasault ) 

[Roccncd for publication, September 30 1929] 

SwrtLENGRrnEL (1919) bas described, from Dutch East Indies, a number 
of different forms of lar\’tE belonging to the species A aiikcnn James, most of 
them differing from one another mainly m the branching of the inner anterior 
cl) peal hairs Judging from the collections of Anophehne larvc'e made so far 
from ^arlous parts of India, it appears that larvae of only three of these forms 
occur m this countrj — firstly those with the inner anterior clypeal hairs simple, 
secondl) , w ith the inner anterior clypeals splitting into two a little beyond the 
base, and thirdl), with the inner anterior clypeals splitting into 3 to 5 branches 
in the distal half 

Among the Indian Anophehne mosquitoes A aitkenu is the only species the 
larvae of whicli seem to possess such marked and constant differences in certain 
characters without any intermediate forms and it is of interest to know w'hat 
specific or rarietal value these differences have and also whether the adults of 
these various forms show any corresponding differences from one another 

The larvae with the simple inner anterior clypeal hairs agree in all essentials 
to Swellengrebel’s (1920) descnption of A aitkenn var insula: floiuiu A close 
study of these has, however, shown that, as already pointed out by Christophers 
(1924), the larval characters are so different from those of A aifkcini that they 
denote a distinct species Moreover, a detailed examination of the adults, reared 
from such larvie has revealed that the genital armature of the male also has 
certain well marked differences from those of A aitkenn In view of the pre- 
sence of such distinct and constant differences m certain characters of the adults 
as w'ell as of the larvje, there seems no doubt that visiila: floruiii is a true species 
distinct from A aitkenn James 
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Of the other two types of larvae, the one with the inner anterior clypeal hairs 
split into two has so far been found in India m the South only, from where 
A aifkemi was originally described, and obviously belongs to the type form of 
this species Larvie with the inner anterior clypeal having 3 to 5 branches have 
so far been collected from India in the North-East only 

These two forms of larvae exist quite distinct fiom one another without any 
intermediate condition and occur in separate localities, so far as India is con- 
cerned, and although the females reared from them are absolutely alike, the genital 
armature of the males show ceitain differences from one another m their detailed 
structure In view of these facts it seems advisable to distinguish the form 
occurring only in North-East India, as a separate variety distinct from the type 
form of A mtkenu James On account of tiie restricted distribution of this 
variety to North-East India only, I have called it bengalensis nov var of 
A aitkenn 

The adults of these three forms resemble one another very closely, differing 
only m the structure of the male genitalia, which have been described for the 
first time below Detailed descriptions of the larvse of these forms will be given 
along with those of the other Indian Anophelmes and some of the important 
characters only have therefore been dealt with here 

A tusiilce floiHnt Swellengrebel (1920) 

Adult — Genital armature of the male — Ninth segment narrow, without ven- 
tral processes Side pieces — Parabasal spines 2, outer much longer than the inner, 
arising from slight prominences, ends drawn out and recurved A number of 
well-developed hairs corer the dorsal and most of the ventral surface Accessory 
hairs absent A w ell-developed mtei nal spine arises near the distal end of the 
side piece Harpogones of the two sides fused m the middle line, each is dis- 
tinctlj'" three lobed The ventral lobe has three stout sword-hke chsetse which 
appear to be paitly fused m the basal one-third The middle lobe has two sword- 
hke chsetas arising close together They are slightly longer than those on the 
ventral lobe and' are expanded distally The dorsal lobe has three long chsetae 
ansmg separately, one of them arising at the apex has a short accessory hair 
slightly external and ventral to it A number of non-papillated hairs present on 
the inner portion of the harpagones near the middle line All the chsetK are 
cofiaparatively longer than those m A aitkcnn 

iEdceagus poorly chitmized, broad papilliform, with a few short subapical 
papilliffTATl^t^flets directed backwards No terminal thickening 

Anal lobe i’'*road, leaching half-way down the side pieces Harpal thickening 
not apparent 

Lai-va -Antei clypeal hairs simple, inner anteriors arising close together, 

posterior cl3^peal hai three or four branches Palmate hairs 

developed on metathi. abdominal segments I to VII Balancer or 

lateral hair on the tbii abdominal segment only half as stout as on segments 
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I and II, and Ins onl}' i few branches (5 to 8) Lateral or the saddle hair of the 
anal segment often simple 

Dt^liihulwu — I have collected larvaa: of this species from Marianbane 
(Bengal Terai, March 1928) , Snkna (Darjeeling District, September 1928) , and 
Ycliapnr (Bomha\ Presidency, Fchruarj 1927) Cogill (1903) has described 
them from Karwar and Carter (192S) from Cevlon 

A aithciw James (1903) 

idult — \ complete description of the genital armature of the male has 
alread^ been given In Christophers (1915), but for the sake of comparison with 
the genitalia of the proceeding species the harpagone and the cedieagus have been 
redcscnlied lielow — 

Haipaqanc; fused m the middle line, trilohed Ventral lobe has three sw'ord- 
hke cliretai arising close together and may he fused partially m tlie proximal one- 
third The middle lobe has two sword-like chietai arising close together, slightly 
longer than those on the aentral lobe and expanded distally The dorsal lobe has 
two stout cliatre arising separately and a third, smaller than the other tw'o, arising 
near the apex with a aery short accessory hair lying ventral and a little anterior 
to It A number of minute non-papillated hairs on the inner portion of the 
harpagones near the middle line 

Qldaagus poorly chitinized, papilliform and w'lthout leaflets or terminal 
thickening 

Larva — Each inner antenor clypeal hair splits into tw^o branches at about 
one-fourth of their length from base Distance hetw'een the bases of the tw'o hairs 
IS about equal to that between the bases of the inner and the outer anterior hairs 
of one side Outer anterior clypeal hairs split into 2 to 5 branches in the distal 
one-third , posterior clypeals dmde near the base into 3 to 7 branches Palmate 
hairs developed on metathorax and on abdominal segments II to VII Balancer or 
lateral hair of abdominal segment III like those on segments I and II Saddle 
hair of the anal segment has 4 to 5 branches 

Distributwuj — Larv'je of this species have been collected by me from 
Yellapur, Ramangah (both in Bombay Presidency, February 1927), and Coonoor 
(Nilgiri Hills, December 1927) , and from Mercara (Coorg, by Dr K R Rao, 
October 1928) and have been described from Karwar by Cogill (1903) and from 
Ceylon by Carter (1925) 

A aitkeim var bengaleiisis nov var 

Adult — The genital armature of the male of this variety resembles that of 
the type species except that there are only two svvord-hke chsetie on the ventral 
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lobe of the harpagones instead of three as found m the latter Moi cover, 
the various chactac arising from the lobes of the harpagones are comparatively 
shorter 

Larva — It differs from that of the type species only in the branching of the 
inner anterior clypeal hairs In this variety the inner anterior clypeal hairs split 
into 3 to 5 branches about one-third the length of the hair from its base 

Distubution — Larvse of this variety have been collected so far from 
Marianbarie (Bengal Terai) February and September 1928, and from Sukna, 
September 1928 Probably most of the records of the presence of A aitkenn in 
Bengal and Assam are of this variety, only a few being of A msnlcB flouim 
which IS not a very common mosquito 

Type — Type male and female, reared from isolated larvse with the genital 
armature of the male mounted m balsam on a slide, are in the British Museum 
(Natural History) Paratypes, also reared from isolated larvse and with the 
male genital armature mounted m balsam, are in the Indian Museum, Calcutta, 
and m the collection of the Malaria Survey of India, Kasauli 
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[Rec<.ncd for piibliotion September 27, 1929] 

Introductory 

\s kala-azai is a chrome disease, associated in its fully de\ eloped phase with 
a high globulin content of the serum, it seemed important to examine the Wasser- 
mann reaction in a large senes of cases of kala-azar in order to obtain further 
information on the question whether infection with Lcishnwnia donovam causes 
a positne Wassermann reaction, or alternativeh , if syphilis is an retiological factor 
of any importance in the genesis of kala-azar 

Literature 

Kala-azar being a disease of comparatively limited distribution, the literature 
contains but few references to this question 

Sutherland and Mitra (1915) in Calcutta examined the Wassermann reaction 
in 38 definitely diagnosed cases of kala-azar, m all of wdiich leishmania had been 
demonstrated The> found ten positive reactions, but they added that ‘ of the 
ten positive cases only two gave a more than slightl} positive reaction ’ Being 
intimately acquainted with the Wassermann technique bj which these results 
w'ere obtained, w'e are in a position to say that the eight slightly positive reactions 
w'ould now be classified as incomplete negative reactions Thus only tw'o defi- 
nitely positive reactions were obtained in 38 cases, a result which can be quite 
adequately accounted for by associated latent syphilis 

( 957 ) 
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The Wasseimann Reaction in Kala-aza) 


Iyengar (1923) examined the Wassermann reaction of 30 definitely diagnosed 
cases of kala-azar, all under treatment, m all of which leishmania had been 
demonstrated The Wassermann technique used was the well-known Medical 
Research Committee (now Council) method No 4 Six positive reactions were 
obtained (20 per cent) Iyengar refers to his previous study of the Wassermann 
reaction m an unselected apparentl}' healthy Indian male population of 400 
persons m which he obtained 88 positive reactions (22 per cent), and concludes 
accordingly that kala-azar infection is not a cause of a positive Wassermann 
1 eaction 

Megaw and Mullick ('1928), in a paper analysing the results of laboratory 
findings obtained by the research departments of the Calcutta School of Tropical 
Medicine and Hygiene from patients of the hospital attached to that school, report 
the Wassermann reactions m 400 unselected cases, of which 90 were kala-azar 
These Wassermann tests were performed in the laboratory of the senior writer 
The 90 kala-azar cases showed 6 strongly positive reactions and 25 moderately 
positive, or a total of 31 positives (34 4 per cent) 

The 310 non-kala-azar cases showed 19 strongly positive and 51 moderately 
positive reactions, i e , a total of 70 positives (22 per cent) This latter figure 
IS identical with Iyengar’s figure for an unselected Indian male population, and 
approximates very closely to the estimated syphilis rate of the Calcutta hospital 
population which is believed from evidence of various kinds to be around 20 
per cent 

A senes of 90 cases is not of course a very large one from which to calcu- 
late percentages, but as far as it goes, it shows a definitely higher percentage of 
positive Wassermann reactions in kala-azar than in the controls, though the per- 
centage IS not sufficiently high to encourage the view that kala-azar is a cause of 
a positive Wassermann reaction 

Megaw and Mullick state that — 

‘ The high proportion of positive findings in cases of kala-azar is capable of 
two interpretations — 

(1) That the blood changes in the disease accentuate the serological condi- 
tions which are responsible for the positive Wassermann findings, or (2) that the 
presence of the syphilitic virus predisposes to the occurrence of kala-azar There 
areWrounds for believing that lowered resistance is an important factor in pre- 
dispVing to kala-azar, and it is quite possible that syphilis may be one of the 
causes ^f the lowering of resistance to the disease ’ 

\ Our own sfiRiSS 

Comj^te records being available of a very large number of kala-azai cases 
which haveNbeen under the care of one of us (L E N ), we are able here to 
present the large series of 474 cases in which the Wassermann reaction has been 
examined Ewery case included in the series was a definitely diagnosed case 
m which leishm^rnia had been demonstrated Cases in regard to which there was 
any doubt as to rylie diagnosis were excluded The series was, otherwise, entirely 
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unselcctcfl Tlic Wa'-'-cnmnii were earned out in the laboratory of the 
cenioi writer In a method, prc\ioitsl\ published, whieh has been ni use many 
■ve^r^ and which is known to be absolutel}' satisfactor) 

'Jhe results obt.iincd were as follows — 


Strongh positne 

30 



Modcratch positne 

75 

Total positive 

105 

Negatnc 

306 



Incomplete negatnc 

63 

Total negative 

369 


474 


474 


The pcrecntitre of positne reactions is thus 105 in 474 or 22 per cent This 
rate is no higher tlnii the estimated s\phihs rate of the controls We conclude, 
accorchnjh tint kala-a^ar infection is not a cause of a positne Wassermann 
reaction It is nece-san to state here that Megaw and Mulhtk's senes of 90 
cases, which showed a dntincth higher Wassermann-positnc percentage than the 
controls, were all exaniiiicd in the senior writer’s laboratory, and are all included 
in our own large senes of 474 ca«es 

The senior writer also t\ainiiied in 1921 the Wassermann reactions in another 
series of 101 definiteK diagnosed cases of kala-azar, the presence of leishmanta 
being confirmed in e\cr\ case In some cases this was done In one of us 
(L E N I, and in others b\ Colonel F P Mackie, IMS whose help is grate- 
fulh acknowledged This senes, the results of which have not been pre\iously 
published showed 18 strongh positne reactions and 11 moderately positive re- 
actions, le, approximate!) 29 per cent This is a somewhat higher figure than 
the percentage ordiiiaril) yielded b\ control series 

COVCLUSIONS 

AVe therefore reach the followung conclusions — 
fl) Kala-azar is not a cause of a positive Wassermann reaction 
(2) Syphilis may possibl) ha^e some slight influence in determining an 
attack of kala-azar, cases of which would in consequence tend to show a some- 
what higher proportion of positive Wassermann reactions than the controls Of 
this, how'ever, there is but little evidence 
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AK^ IMPROVED CITRONELLA IMOSQDITO DETERRENT. 


BY 

CEDRIC DOVER 


[Rccei\cd for publication September 3, 1929] 


Citron ritA oil and the \anous propnetar}' preparations containing it c'c c 
necessity CNtensncly used m the tropics, but their volatihtj renders d’eir e ect 
\er} transient, the pure oil lieing also often irritating to the skin The us. c 
liquid rasehne, which retards the volatility of the oil, as a base, or tlic an' 
of spirits of camphor and cedar-wood oil,"^ produces more satisfacton h.. 
no means ideal, results, and has suggested to me the formula which folio 
has been used with great success for the last tw’o years in India, Bar~a * 
British Iilalaja 


Citronella oil (Burgoyne’s) 

^ oz. 

Spirits of camphor 

1 r: 

Cedar-w'ood oil 


White petroleum jelly (B P ) 

2 rz 


The petroleum jelly should he melted and the other constituc— . - 

the mixture being well-stirred Bottle (a 3 oz wide-mouthed jar - i 

size) and cool rapidly, preferably by placing the bottle (which .. _ 
closed) in a basin of cold water or in a refrigerator 

The formula gives a firm, whitish, non-stainmg cream r' ™ 
which, in addition to its properties as a mosquito-deterrent, is r 

and beneficial to the skin (petroleum jelly, it wall be remernr-"-_ 
most face creams) One application usually lasts for a wh^’t r'" 
very small quantity need be used on each occasion To a— 
face in the evenings, the cream has been employed by sot- z. - 
the hair, as it w'as found that for a time this keeps - 

successfully as if the whole face were smeared with it 


* Cf Hungerford, ‘ Insect Pests about the House ’ Tv ea*T >-_r 
Kansas State Board of Agriculture, p 7 

3, SIR 
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TESTS ON THE EFFECTS OF COUilAHIN ON ,TIIB LIFE OF 
THE jMOSQUITO AND THE MALARIA PARASITE 


BY 

BRUCE MAYNE, 

Malarwiogiti, Malaria Survey of India 


{Rccencd for publication September 30, 1929] 


Introduction 

It h.T? been claimed that clover and other leguminous plants have certain 
relationships to the control of malarial fevers in rendering cultivated sections 
immune from the disease Tlie only available references in the literature m this 
connection may be summed up as follows — 

Willcocks (19271'' attributes the relative immunity of Eg>'pt from malaria 
to ‘ something in all leguminous plants, especially in certain kinds of clover 
which makes mosquitoes immune from malaria’ He quotes d’Herelle stating 
that in all malaria free regions of Argentina, there is a scented clover Mcliloius 
altissima whose lilossoms are frequented by the malaria mosquitoes which feed 
on the syrup coumarin Willcocks asks, ‘ May not this act on the mosquito as 
quinine does on man^’ Mclilotus introduction he states has coincided with 
expulsion of malaria from certain islands of Zealand and from the northern 
provinces of Holland 

It has never been intimated how the active chemical substance m clover and 
other leguminous plants affects the dissemination of malarial fevers Is it by 
Its action on the insect host or on the parasite it carries^ The only suggestion 
in this regard is that made by Willcocks (1927) who indicates that ‘it may act 
on the mosquito as quinine does on man ’ 


♦Willcocks, William (1927) ‘Why is cuUivated Egypt immune from malaria,’ Nile 
^fission Press, Cairo, Dec 1927, 13 pp and Discussion Reviewed in Trap Dts Bull 1928 
Vol 2S, No 7, Jtily, p 557 (by Lane, C ) 

Reviewed m Tinnr Roy Soc Trap Med and Hvg (1927), XXI, No 4, p 337 ‘Malaria 
and Clover’ (by Balfour, A) ’ 

( 963 ) 
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The substance contained m legumes which is reputed by all writers. in this 
connection to be effective is coumarm It was not possible to obtain in India a 
natural couinann syrup for purposes of this investigation so recouise was had 
to the best quality of coumarm of commerce obtainable 

Coumarm crystals used in the tests to be described were seemed from a 
reliable chemist’s shop m Calcutta The chemical was said to contain the 
anhydride of ortho-oxycmnamic acid (CgHgOg) a crystallizable odorous substance, 
found in several leguminous plants including berseem, Egyptian clover 

The following mformatidn concerning coumarm ,was furnislied through 
Dr F J F Shaw, Imperial Economic Botanist, by Dr Sen, Imperial Agiicultural 
Chemist of the Indian Service 

Coumarm is the active odorous principle present m Tonca Bean Depte)yi 
odorate (occurring up to 3 per cent) It is also present in leaves of Lmtus 
odoi atissima (deer’s tongue, hound’s tongue) Coumarm has been also found 
in many other plants, including Mehlotus offiemahs, M hamafus, M albiis, 
M leucanthus, M alhssimus, Trt folium mehlotus, etc The chemical which is 
nowadays prepared synthetically, finds a use in perfumery ‘ Newmown Hay 
IS a favourite perfume m which coumarm is the chief ingredient, and the sub- 
stance IS also a normal constituent of lavender oil ’ 

Procedure 

The crystals were made up into a stock solution of 1 part to 1,000 parts 
of distilled water and diluted as required foi application It was used by 
saturating the pads, which lined the wooden trays containing the lamp globes 
which confined the mosquitoes undergoing test In addition, small cotton lint 
pads placed above the netting of the globes were soaked with the mateiial 
When raisins were used to furnish fruit juice, these likewise were kept moistened 
with the diluted coumarm 

It was endeavoured to keep these pads constantly moistened, and at least 
three times daily they were freshly supplied with liquid 

When the diluted chemical was used for mixing with sporozoites obtained 
from gland dissections, the material was mixed with normal salt solution 

The following tests were made with captured female Anophehnes of the 
three \ common species A cuhcifacies, A subpictus and A fuhgmosus There 
were m specific differences observable m the effect of the chemical, so the three 
species Ve regarded as of equal interest m this connection 

The first attempts u ere made with the solution given in the various dilutions 
tabulateti^ut it was soon realized that the mosquitoes could not be maintained 
alive witho\ addition of fruit juice in the form of raisins soaked with the 
chemical solutions 

Table I ^'es the details of these tests indicating parallel treatment with the 
chemical alone ^nd v ith the addition of fruit juice 
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Tablc I 


Cftcit of cxfoutir of niio['ltcliucs to vanous solution of countanii 


W ITIIOVT 

rrciT nici 

1 

i 

1 

With fruit juice 

Number of 
mo'quttoc>; 
CNpo'cd 

ifaximum Icimth 
of time mosquitnc: 
•^urMiccl 

i 

Slrcnaths of , 
solution 1 

1 

Number of 
mosquitoes 
exposed 

^fnxlmum length 
of time mosquitoes 
surv u cd 

200 

1 

4 hours 

1—1 000 

50 

4 hours 

ISO 

12 , 

1—1 300 

30 

36 , 

2S 

2 (h\s 

1—1 730 

50 

4 days 

2S 


1—2 200 

50 

4 

100 


1-2 230 

85 

11 . 

85 

3 

1-2750 

100 

13 , 

SO 

4 , 

1—3 000 

100 

14 

35 

3 , 

1—3 500 

35 

15 „ 

45 

3 

1 — ^3,750 

50 

20 , 

40 

5 , 

1—4,000 

45 

11 , 

120 

4 , 

1-3 000 

40 

14 

65 

3 

1—7,500 

50 

14 „ 

75 

4 

1—10000 

SO 

15 

100 

4 , 

1—12 500 

145 

18 , 

40 

4 

1—23000 

SO 

16 

75 

4 , 

1—50 000 

SO 

1 

IS , 

so 

^ ■ 

1—500,000 

50 

15 . 

Control with water alone 


Control wit 

rout chemical 

115 

4 dajs 


. 140 

19 dajs 


Summary or Tarut: I 

It IS cMdent that the mosquitoes could not live more than 5 days when 
treated with \anous strengths of coumarm solution unless fruit juice was pro- 
vided at the same time Controls given water alone lived a maximum of 4 days 
Mosquitoes sunnred the exposure to coumarm solutions of 1 — 1,000 and 
1 — 1,500 from 4 hours to 36 ho s whether they had access to fruit or not 

The greatest length of time anv of the anophelines lived W'as 20 days when 
having access to coumarm solution of 1 — 3,750 strength The controls lived a 
maximum of 19 days 
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It IS indicated, from the results of these experiments, that coumarm in solu- 
tion m the strengths employed did not exert any deleterious influence on the lives 
of the Anophehnes exposed 

Thc effect of coumarin on the maearia parasites within the mosquitoes 
The mosquitoes emplo 3 'ed in this test were specimens of C fatigans fed on 
birds harbouring avian plasmodia The mosquitoes had been reared m tlie liquid 
111 which they had been collected as larvse and mixed with coumarm solution at 
a strength of 1 — 20,000 The adults were treated as two batches, with untreated 
controls of 45 and 65 mosquitoes, respectively The trials with the solution of 
1 — 1,000 strength were made with infected mosquitoes which had previously 
undergone an incubation period of seven da)'s The remainder of the mosquitoes 
were killed for dissection in the stages of development indicated in the column 
. marked ‘ Period of application ’ 


TabeE II 

Bffiect of coumarin on the malaria paiasite within the mosquito 


Strength of 
solution 

Number of 
mosquitoes 
tested 

Period of 
application 

Result of dissections 

Dissected controls 
untreated 

1—1,000 

20 

4 hours 

16 wth oocysts and 
active sporozoites 


1—3,500 

1 

1 

6 days 

Typical live parasites 

! 

After 10 days 40 
out of 45 posi- 
tive 


5 

9 „ 

4 with typical live 
parasites 


1 

1 

19 

10 „ 

12 with numerous active 
parasites 2 with few 
parasites 



45 

11 

42 with typical live 
sporozoites 


1—7,500 

2 

s „ 

Both quite positive 


1—10,000 

' 30 

8 „ 

29 with sporozoites 
actively motile 

65 in various 
stages of parasite 
development dur- 
ing 15 jdays 

. 1—20,000 
\ 

2 

3 

Both with oocysts having 
motile pigment 


1— SOOiOOO 

20 

5 „ 

19 quite positive 



Summary of Tabee II 

An examination of the results of these tests indicates that there is substan- 
tially no lethal effect of coumarin solution m the strengths used on the parasites 
of malaria inXthe mosquitoes tested 
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In 1-54 specimen': tcstccl, tlic development of the malaria organism was 
obser\cd m 124 of them It is interesting to note that althoiigli 16 out of 20 
specimens iiuohcd succumbed wlicn exposed to the action of 1 — 1,000 coumarin 
solution, their parasites evidcntiN were not affected 

ErrrcT or coum \rin on tiii sronoroirrs 
It was desired to learn tlic lethal action of the chemical on extracted sporo- 
TOites For this purpose \arious strengths of coumarin were prepared by mixing 
with normal saline and used for the dissection as well as for the treatment of the 
contents of the extracted saluan glands Tiic effect on the sporozoites was 
timed at the moment of successful dissection Thev were regarded as dead w'hen 

Tann III 


Effect of tahnq spotozottes rcit/i coumarni 


Sfreneth of 
solution in 
saline 

Period of infec- 
tion mosquitoes 
u'cd 

Length of 
treatment 

' LfTcct on 

sporozoites 

Results of bird 
inocuhtion 

1-5,000 

13 da%s 

15 minutes 

Killed 

Negitnc 


13 , 

IS „ 

»» 

tt 


13 , 

18 „ 

ii 

»f 


13 , 

25 „ 

it 

tt 

I— 10 000 

14 , 

15 , 

ft 

it 


14 , 

25 „ 

>t 

tt 

1—12,500 

15 „ 

20 „ 

it 

ft 


15 „ 

30 , 

tt 

II 

1—13 500 

10 , 

45 „ 

No effect on 
motilitj 

Positive 


10 , 

1 hour 

t» 

If 


10 „ 

li hours 

n 

If 


10 , 

5 „ 

tt 

Not injected 

1—15,000 

16 „ 

45 minutes 

tt 

Positive 


16 „ 

45 

n 

tt 


16 „ 

40 „ 

u 

It 


16 „ 

40 . 

it 

ft 

1—25,000 

15 

30 .. 

None 

n 


15 „ 

43 

ft 

Not injected 

1-50,000 

15 „ 

40 , 

ft 

Positive 



ADDICTIOX TO ‘ POST ’ (U]\T:.ANCED CAPSULES OP PAPAVER 
SOMRIFERUM) IK IKUTA 

n\ 

Lilct -Cot R N CHOPR V, m a m t> (Cantnb ), i m s , 

In-cli(trqe Dtm(] Addidion hiquiuf, Ituhnn Rcspmf'h Fund Associolton, 

IN COLLABORATION WITH 

KHEM SINGH GREA\ AL, m b , b s , 

JOGIN'DPA SINGH AN mb bs, 

\ND 

Gl RBl'KSH SINGH CHOPRA mb b r 
(hio))> the Dcpniliiinil of Phmmacoloqy, Calaittn SAionl of Twjncal 
l/ff/iOHC and IhjqiPiu ) 

Dpi’o Abdiction SrRiF'5 No *5 

[Receued for publication, October IS, l<12b ] 

Historical and gfnmrai 

r 

The properties and uses of the capsules of the opium yielding papaver were 
Lnown long before the Christian era According to De Candolle, Papave) so)mn- 
ferum or opium yielding poppy is a cultivated state of Papaver setigerum Various 
species of the poppy have been cultivated as ornamental garden plants and have 
been mentioned by the writers from the earhest times There is little doubt that 
the merits of the seeds as a food m ere recognized much earlier than the somniferous 
property of the capsules and it is also certain that the soporific and naicotic properties 
of the capsules themselves uere appreciated long before their recognition in its 
milky sap The capsules have been employed in the preparation of soporific drugs 
or in the preparation of stimulating and soothing beverages from times unmemorial 
According to Watt, Papave) sommfeum was grown m Asia Minor many centuries 
ago for its capsules, and the Arabs carried the dried poppy heads to the eastern 
countries including China even before the inspissated ]uice was taken and its pro- 
perties made known to the inhabitants of those regions The medicinal properties 
’ J,MR ( 986 ) I 
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of the plant and its capsules were fully known duiing the early classic period of 
Greece and Rome One of the earliest leferences to opium appears to he about 
the time of Theophrastus who lived in the beginning of the 3rd century B^C and 
who seems to have been acquainted with the preparation and uses of the juice of 
the poppy There appears to be no doubt that the value of the seeds and capsules 
was known prioi to that The Egyptians bad been using poppy capsules in the 
1st century A D The early Chinese works mention the Arabs exchanging poppy 
heads ^vlth Chinese merchants hen the capsules uere first shown to them, 
their urn-shape and millet-lilce seeds suggested the name Mi-nang (millet vessel) 
and Yingsu (jar millet) There aie recoids to show that the Aiabs instnicted the 
Chinese to prepare from these capsules a soporific beverage and medicine befoie 
they knew anything about the propel ties of opium Theie appears to be no"^ 
doubt that the word Ya-pten (opium) followed the Mi-nang 

It will thus be seen that capsules of the poppy aroused the attention of the 
human race long before opium was known Little wondei then that aftei their 
and soothing properties weie appieciated by those piactising in the 
u, they became known to the laiety who made use of them foi purposes of 
the almost nmveisal desire which human beings possess foi a stimulant 
^ ■’tive 


Medic i-L uses op poppy capsules 


Poppy heads are not commonly used now'adays in medicine but we have 
- — ^ T^heir emplojunent foi medicinal pm poses m the eaily classic Gieek and 
\ds as well by the Egyptians during the reign of the latei dynasties 
jS have been used in both the Ayurvedic oi the Hindu medicine and the 
tlie Mohammedan medicine for many centimes as a sedative both foi 
j al use and exteina] application The ‘ halims ' prescribe them for headache, 
'/ bcea, dysentery and digestive tioubles in children They are used as a hoiise- 
Id remedy in many parts of India and are given dining the teething peiiods by 
ithers to their children to keep them quiet An infusion piepared from the 
poppy heads is used as a soothing application for biuises, iiiflanied, excoriated and 
sw'ollen parts and sometimes as an application for various forms of painful conjunc- 
tivitis, inflammation of the ears, etc Fomentations wutb poppy heads are even 
noiv applied to painful inflammatory sw^ellings Even in Cliina the physicians used 
them fieely in the early centuiies of the Chiistian era Most of the Lung dynasty 
medical wmters and from them downwards extoll the merits of poppy capsules in 
the treatment of dysentery, especially when combined wuth astringent drugs 
The Chinese w'riter 'Wang-Shih m his work ]-C/nenPong says the eftect of poppj' 
capsules in dysenter}^ is simply n agical According to Dr Edkins both the led 
and white forms of poppy ueie ceitainlv described and used in the Chinese medicine / 
in the 11th centurj^ befoie opium was known A medical author of the Yuan/ 
dynasty (13t]i conturi) dosciibes the pieparations of poppy capsules ay' 
very eftectne remedy against dysentery 
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Usr or roppv capsules pok rurnoinc purposes 
If IS well known flint tlie nsc of articles of sfimulnfive lestoiative or sedative 
character, is bound up with the natural histon of human beings from the very 
earliest times The use of such articles ns cocoa coffee ten, opium alcohol, etc , 
to procure an added feeling of pleasure, has been recorded long before the history of 
cnnlirntion All of them, m moderate quantifies produce a favourable effect on 
the mental conditions of man Wiether thev ha\e a stimulating or a depressing 
effect on the centnl nenoiis system, tlie> all pioduce an enhanced sense of well- 
being or eupboihi The capsules of the poppt were used \ ery early for this purpose 
Wiateier mai ha\e been the case m the countries of its origin (e g Asia Minor) 
there appeals to be little doubt that poppy heads began to be used for euphoric 
purposes in India soon ifter the introduction of the poppy plant in the countiy 
There the plant was known as Kolxai the c.qisules weie called (jozit, Ihol-i-lolnai 
or pos( I lolnai oi simple ]) 0 s( or post doda In the time of the Moghuls a beeerage 
made from the poppy capsules known as Ixdnio was \ eiy commonly used through- 
out the coiintn Abul-Firl in his Aiu x alhaii mentions about the Empeior 
himself taking tins drink He saes ‘whenexer His Majesty is inclined to drink 
wine or take opium, or Ixtkxxax, trays of fiuitare set before him ’ The use of the 
word Ixilxxar apart from opium in the aboxc passage shows that both the poppy 
capsules and the inspissated juice or Afyxxxx weic used According to Matt the 
bexcrage post at present taken m the Punjab closely icsembles Ixibxa) xxliich was 
a luMiry among the Mohammedans m the time of Akbai Theie is also mention 
of a bexerage known as Clxax-hxxghxa which was a mixture of wine, hemp ojnum and 
poppy capsules 3Ianj other references in the Moghul literature indicate the 
extent to which the habit of dunking jxosl o\ Ixxlxxax prevailed among the Indians 
during the IGth century and latei Bontius, wilting of Batax la in 1658, dnidedthe 
Indians into Piisti, i e those addicted to poppy capsules and AJxjxtxxi or those taking 
opium During the 17th and 18th centuries the use of post xx’as x ery prcx^alent 
as IS exident from the remarks of xaarious xxriteis of that period The people in 
those days grew pojipy and used it in any xxay they liked ,the use of the capsules 
for euphoric purposes appears to haxe been very prevalent for that reason In the 
history of the Punjab during the time of the Sikhs there aic many references to 
post drinking, but it is not possible to foiin an idea as to the extent to which the 
habit prevailed among the people Since the introduction of restiictions in the 
cultivation of the poppy the temptation has been undoubtedly removed from 
the doors of the peasant and we have no doubt that the liabit has considerably 
decreased for that reason Poppy heads are obtained noxx xxith difficulty and in 


* Tht general massacre at Delhi by the Persian invader Nadir Shah, it is said, was duo to the 
ravings and hallucination of a post addict In Jthan fashai nndnn (a booh m Persian) the author 
writes that an addict under the effect of the drug suddenly said that Nadir Shah was dead This 
news was heard bj the other addicts and repeated A soldier named Ahmed Shah heard this, stood 
up in rebeUion and killed a few soldiers of Nadir Shah’s force This enraged the invader king and 
he ordered a general massacre 
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Control exercised on the production, poslv 
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^^eSSION and BAl/D OR POPPX 


Altbougb no statistics are available from the mimeroursi, ,g popnlax stories that 
are ciurent among tbe people, it would appear that addiction to -ooppy beads must 
have been muob more extensive m tbe Punjab in tbe past than it is «.<!tnKat tbe present 
time In days gone by poppy was grown to a gieatei oi lesser extent tn*-^ije}uiougbout 
tbe plains of tbe Punjab In tbe valley of tbe Beas iivei east of Lahore, it u-,'\ ras 
cultivated up to an altitude of nearly 7,600 feet above tbe sea-level Most of tbe 'nvT 
western districts giew poppy for the local use Poppy cultivation is now mainly 
confined to tbe United Piovinces under strict Government supei vision Tbe only 
other parts of Biitisb India wbeie poppy is alloy ed to be cultivated arelinuted areas 
111 tbe Punjab 

To trace biiefly tbe history of poppjr cultivation in tbe Punjab undei tbe 
Biitisb regmie, tbe poppy was fieely cultivated m tbe Punjab before tbe British 
administration and theie uas a very wide lange of addiction to poppy beads 
Tbe Government realized fiom the veiy outset the injurious eftects of this pernicious 
habit and have been adopting measuies to discourage its use as an intoxicant 
To meet this object the cultivation of poppy heads was lestricted aftei 1901 to the 
following places — 



Name of place 

District 

1 Object for which culti- 
1 vation n as allowed 

I 

Thanesmar tahsil 

' Knriial 

1 

For poppy heads 

2 

Pehowa cirelo 

Do 

Do 

1 

Kiihi subdivision 

Kangia 

For opium extraction 

4 

IToshiaipur tahsil 

Hoshiarpiir 

Fot popp 3 ' heads 

5 

Lahore tahsil 


Do 

G 

Chunian tahsil 

Lahore 

Do 

7 

Kasur tahsil 


Do 

8 

Amritsar district 

Anmtsar 

Do 

9 

Rhalunir district 

%iihpur 

Do 

10 

Jampiir tahsil 

Dera Ghazi Khan 

Do 

11 

Rajanpur tahsil j 

Do 

Do 

'2 

Notkhai tahsil 

Simla 

For opium extraction 
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The mcisures -Kloptcd for restricting production of the poppy by the Go^ em- 
inent succeeded in eliiniii.itui" tlic habit to i considerable extent so much so that 
S years aftci i c 190b the h ibil ilmost died out from all othei parts of the pro\ incc 
except Jullundiir Ho'-hiarpur and Ludhiana districts In 1909, therefore, the 
giouth of poppi for popp} hends was fmthcr restricted to Jullundiir district and 
Hoshiarpur tahsil onl} bccaii'^o of the high incidence of consumption which still 
existed in these districts The aica under poppy cultuation in these two distiicts 
IS, howc\er \cr} small In Hoshiarpur district m 1926-27 there were only 304 
acres under poppy cultuation and in Jullundur distiict only 512 acres The total 
licld of poppy capsules from both these sources amounted to 224,700 seers oi 
about 149 520 lbs Only a small portion of this jiroduce is used for medicinal 
purposes, jiracticallv the whole of it being consumed for euphoric purposes In 
Simla and Kangra districts and in the Hill States although poppy islaigely grown 
the use of the capsules as an intoxicant is piacticalh non-existent Excise 
lecords show that m Simla district the consumption of poppi licads dining 1927-28 
was onK about 14 seers and that was chicflj for medicinal pni-jioses Eaen in the 
Hill States where the cultnation of popp\ and extinction of opium fioin it cannot 
be so strictly controlled, no cases of this addiction were met with In the two 
districts abo%c named the use of poppj heads for euphoric purposes has lingered 
while it has almost entirely disappeared from othei parts of India Eicn in the 
adjacent districts, le, Ludhiana, Gurdaspui and Amiit^ai, addiction to this drug 
is comparatively ver> small 

As regards the control exercised ba the Excise authorities on its pioduction 
and consumption, it should be made quite clear here that iiobodj is allowed to 
cultivate fosl unless he has obtained a licence from the Deput} Commissioner 
of the district The licence is entered on the Patwaji’s (Eevenne Official) registei 
who inspects the field ver\ frequently during the season Dining the harvest 
season the produce is collected and weighed in his presence and enteied m his 
register Out of this pioduce the cultmatoi cannot sell a single pojip^ head himself 
He is only allowed to sell the produce to the wholesale vendor who is a licensee of 
the Government He keeps a stock and supplies the retail vendors according to 
their needs No mdivndual is allowed to possess more than two seeis (4 pounds) 
of poppy heads and the licensed veudoi is forbidden to sell moic than this quantity 
The export and transport of the poppy heads is not permitted without a pass issued 
by the local authorities Tlie w holesale and ictail dealers must obtain a licence if 
they wish to transport poppy heads from one part of these districts to another 

It wall thus be seen that the Punjab Government is exercising a strict control 
over the production, sale, possession and consumption of the poppj heads Then 
pnee is being gradually increased by raising the acreage rate lev led by the Govern- 
ment In 1915 it was Es 4 pei acre which was incieasedto Es 8pei acre in 1926 
and further increase is being contemplated 

Present extent of poppy addiction — Oui inquiries show that the o ily paits of 
India, where the poppy heads are used foi eiiphoiic purposes and wh ic we iov”'' 
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persons habitually addicted to them at the present time, are certiain districts in the 
Punjab and parts of Rajputana States, especially Jaipur In othW parts of India 
one does meet cases here and there but the addiction seems to haAe disappeared 
During the course of our investigation of the opium habit in the centnwi,! districts of 
the Punjab, ive came across such a large number of these addicts that! we thought 
it worth while to study it in detail \ 

We have tried to gauge the extent of this addiction in the Punjal\, generally 
and in the central districts particularly A reference to Table I mil sl^iow that 
consumption of poppy heads did not show any great fluctuations between 1901 
and 1922 , but in 1923 the consumption nas about double of what it wasn^jg the 
previous year and in 1924 it incieased still further In 1925 and 1926 there a 
slight decrease from the figures of 1924, but these still show an inciease of abo^ - 
70 per cent over those for 1922 We know that poppy heads are not commonly 
used for any purpose othei than foi addiction and the consumption for the medicinal 
purposes is negligible It is not clear why the consumption of poppy heads showed 
such a marked increase during these particular years Is it possible that the 
greatei demand for this commodity was due to the great use in the price of opium 
which has been gradually increasing ? This is supported by the fact that n^hen 
poppy crop IS not good and the prices lun high, the addiction to poppy heads shoA\s a 
fall and consumption of opium slightly rises in these areas 

The habit is somewhat more prevalent among the urban aieas than among the 
rural population The city of Jullundur and the adjoining villages show the 
greatest incidence One shop in the city alone showed a sale of 29,616 seeis (59,232 
lbs ) 111 the yeai There aie quite large lural areas in these districts uhich are 
quite flee from addiction An addict seems to act like an infective agent and 
spreads the habit to otheis who come in contact with him In the villages wc 
were able to trace the spiead of the habit to association with and on the adiace 
of othei addicts who described the wonderful effects of the drug in all sorts of 
conditions 

As regards the numbei of addicts it is veiy difficult to form an exact idea, as 
there is no system of legistration of addicts It is, however, possible to form an 
appioximate idea of their number from the total amount of poppy heads consumed 
in the province, and the aAwrage dose which Ave have been able to voik out from 
the senes of 530 cases vhich u e have studied This is about 1 5 cJiJiatacls (about 3 
ounces) per head pei day In the yeai 1925-26, 204,752 seers of post ivere 
consumed in the Punjab Assuming that the ivhole of the amount ivas used for 
euphoric purposes, the number of addicts could not be more than about 6,500 in the 
whole of the province According to the same calculation Jullundur has not more 
than 4,000 addicts, Hoshiarpur not more than 2,000, Ludhiana not more than 300 
and Giudaspur not moie than 200 The actual number is probably somewhat 
higher in these areas as a certain amount of poppy heads are very likely kept by the 
agriculturists for their own consumption and are not returned in the Excise Statistics 
Table II gives the figures of the consumption of poppy heads in difleient districts of 
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the Pinijib It will he ohsen eel that with the exception of Hoshiarpiir, Jullundur, 
Ludhiana and Giud.ispni the aiuoiint of poppy heads consumed are negligible 


Taulf I 

Poppti ciiKiiadov for cnp'^ulc'^ crchanchi Area in aof; and (he quanfity of poppy 
-iceds sold by the cuUnatois io licensed vendois 


Vear 

\rea in acres 
that caino to i 
matuntj 

1 

j CONSCMITION or 

[ ‘ rosT ’ IN THE Punjab 

In seers 

In lbs 

inoi 

1 

871—2—12 

150, no 

300,278 

no2 

612—1—1 

151,959 

303,018 

100 5 

53 1—0— 26 

141 1 11 

288,268 

1004 

813—3—1 

130,604 

201,208 

lOOo 

628—2—29 

1 131,116 

202,290 

lOOG 

S48— 0— 1 

143,121 

286,242 

1907 

503—2—1 1 

' 109,850 

219,712 

1908 

826-2—27 

109,281 

218,562 

1900 ! 

198—1—20 

108,2 !2 

216,261 

1910 ' 

107—1—19 

105 670 

211,340 

1911 

618—6—0 

! 124 OOG 

1 

249,212 

I'UJ 

244—4—35 

125, 140 

252,080 

inij 

448—4—18 

124,860 

249,720 

1914 

481—6—1 

135,150 

270,300 

1916 

158—4—26 

84,116 

168,2 12 

1916 

503—1—18 



1917 

595—4—29 

142 091 

283,982 

1918 

[ 244—1—27 



1919 

I 350 — 5 — 1 1 



1920 

469—3—15 

114,948 

229,895 

1921 

499—4—21 

132,036 

264,072 

1922 

328—3—4 

1 120,687 

241,374 

1923 

972—4—5 

239,707 

479,414 

1924 

703—1—14 

273,782 

547,564 

1925 

095—2—17 

204,752 

409,604 
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Cohsumpkon of ‘ 



Name of the 


P 












'/Vi 




■} 




I 19>.£6-26 
— Ss 


■Mi. 


12k 




0- 

20 



-• 1 

55,434 



'te,124 

131,604 

11,012 



2,764 


1,402 



090 

y 

643 


1,438 

1,098 



2,717 

1,529 

4,954 

301 

n 

615 






114 

.1«7 

55 


'*70 

1,132 



68 

68 

i 77 

67 

117 1 

' 170 i 

97 


70 1 

76 

164 


- 

1 68 

38 



' 57 

‘ 72 

■- 

U 

342 

333 


70 

76 

69 


389 

210 

104 


56 , 



•8 

« j 


14 

8,232 

84,116 

114,948 

204,752 


= 2 lbs appro Vim Ately 


oci.ioi.b I '\e a laige Sikh population but the addiction is not confined 
ais class only , it is also pieialent among the othei communities residing there 
it; is usually the loner grades of society, hoTvever, nho use it 

^REPARATION OP THE BEVERAGE AND MODE OF ITS CONSUMPT-*''^ 

The ^dicts aie very fond of the company of other addicts and •/ - 
eaters who generally seek solitude in oidei to indulge in their cray 
drinkers seek eveiy opportunity to take their beverage myiompany a , 

For this puipose they assemble at specified hours ^ified p’ ' k 

m the morning, afternoon and evening for taking th/ / he pla|,j, , ' v 

as a rule are unfrequented spots such as a clump of/ 
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abandoned place of vrorslup or somctlung of that nature There they can 

unmolested and unknown to their relatives who might stand m the way of 
t taking the drug As the place gets laiown to addicts it attracts more and 
.rc Such places arc iisualK called D ata but in Julliindur, where the addicts 
c generally low class Jlohammcdans, these places are also called (aha or 
ahlhana There arc a number of them in Jullimdur city and in many of the 
snllagcs in that district, which has c been kept going for j cars Generally there is 
a man who cither lives in those drinking places or at least spends most of his time 
there to look after the establishment Tins person is called sah and as a rule he 
IS an indigent person or a beggar who has been an addict most part of his life 
He may be a Hindu or a Mohnmmcdaii according to Ins clientele , when the latter, 
he is a satn and is generalh addressed as usladji or a master A sah or satn is 
gcncralh an old emaciated palo-looking and anaimic indmdual Ho sits on a 
dirty piece of matting w itb a number of earthen bow Is in front of him, w ith quantities 
of soaked poppy beads in them The c ipsiilcshc bu\ s at about 3 pice per cliliatacl 
(2 ounces) and sells them it 8 jiice a chhalacL after preparing the potion from 
them, thus making a little profit He ina\ snpplj ready made post to the addicts 
on payment or he may be asked merely to supplv an earthenware bowl and water 
and a coarse piece of cloth for straining the drmk to those who bring their own 
capsules Poor people as <i rule buy their dose every time tlicj drink it, but those 
who can afford, buj the im\inium quantity allowed under Excise regulations and 
use the required quantity out of it every day The dosage is calculated by the 
number of capsules and is usiialh 5 to 6 capsules at a time The addicts put the 
crushed capsules in a bowl half full of water (6 to 8 ounces), sit down and watch 
them till they become quite soft The capsules are porous and water quickly 
penetrates and softens them As a rule, 20 minutes to half an hour suffice for 
this purpose The softened pieces are then broken down into a fine pulp by rubbing 
them with fingers and squeezing out the ]uice This process appears to be very 
much enjoyed by the addicts and some of them spend one or two hours at it It is 
generally accompamed by long whiffs of tobacco-smoke through a hubhlc-buhbh 
which IS passed round, among a number of them all engaged in the same occupation 
In summer it suffices to soak the crushed capsules for not more than an hour, but 
m winter they are not infrequently soaked overnight Sometimes the capsules 
are put m whole wuthout crushing and are thoroughly macerated with hands after 
they become soft 'Wliatever method is adopted the alkaloids present in the 
poppy heads gradually pass into solution in water and the process of rubbing with 
hands and fingers completes the extraction \Mien this process is completed the 
mass IS strained through a coarse cloth till all the juice is squeezed out The 
residue is again rubbed with a little more w ater and again strained This process is 
repeated 2 or 3 times till the addict is com meed that there is no more of the active 
principles left in the residue The beverage thus prepared is known as post and is 
drunk immediately after preparation It is a pale yellowish looking fluid having 
a bitter taste and a peculiar faint aromatic odour Most of the addicts take it in 
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the morning and in the afternoon but some take it 3 or 4 times a day or even 
oftener The solid residue left m the cloth is called picliJiai i which is generally 
thrown away but is sometimes re-extracted by the poorer addicts who cannot 
afford to buy poppy heads Small amounts of the intoxicating alkaloids aie 
undoubtedly left behind even after a thorough rubbing The drink usually takes 
20 to 30 minutes to produce its effect and is frequently followed by a little tea with 
sugar or powdered gmgei or cardamoms It is believed that these accessories, 
especially the sugar, enhance the effects produced by the drug The addicts 
generally remam in the taha for a long time, after they have taken their potion 
and enjoy each other’s company They sit dovn in gioups, some of them enjoy 
a smoke, others amuse themselves by playing caids or watching cock fighting oi 
quail fighting 

During the process of separation of the poppy seeds from the capsules a lot 
of bioken bits of the capsules are sepaiated which are knovn by the name of phal 
This IS sold at a cheaper rate than the whole capsules and is iich in alkaloidal 
contents Poor people who cannot afford to buy capsules, buy it and prepare 
then beverage from it m the same way as jwst 

Besides the piocess of extracting the active pimciple by macerating the 
capsules in water which has been above described, the addicts sometimes boil 
the capsules in water and drink the infusion Of late years capsules have been 
boiled with tea and the resulting beverage is taken with sugai and milk in 
the usual manner In these districts ive found tea infused vith poppy capsules 
was being sold to the addicts probably uithout the knowledge of the Excise 
authorities 

Gieen, ripe capsules aie sometimes used , they are fried in butter oi 
ghee (clarified butter) and are eaten by the addicts This preparation is 
knovn by the name of bhiojt and is believed to have similai effects as post 
Sometimes the jmce of green poppy heads is extracted and a sweet called 
halloa IS made from it This preparation is very soothing and is said not to 
have any constipating effects 

Chemistky of poppy capsules 

Before desciibing the symptoms and eftects produced by poppy heads it will 
not be out of place here to say a few words about the chemical composition of the 
capsule from vhich opium has not been extracted A perusal of the literature 
shows that no detailed analysis of these has been done, since the alkaloids obtained 
are so small as to be of no commercial value Lyon of Bombay (1879) analysed 
poppy capsules from Main a He obtained from them 0 099 per cent of the 
alkaloids soluble in ether, consisting apparently of narcotine, 0 023 per cent of 
impure aJkaloids soluble in benzol, and 0 033 per cent of impure alkaloids soluble 
in chloroform No morphine could be detected by the ordinary reagents The 
Depaitment of Chemistry at the School analysed the capsules at the request 
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of flic '^omoi nulhoi and ^\c arc ^crv giafcfui lo Jlr N Ghosh for the ^olio^\lng 
result"; — 

One hundred and lhirtN-sc\en gianimcs of the powdered capsules yield 15 18 
graniines of the alcoliohc crtiacf This contained 1 05 grammes of the total 
alkaloids of which onh 0 015 pei cent (or 0 073 giains) was morphine About 
50 to GO capsules weighed 137 grammes and contained a total alkaloidal content 
of 1 05 giammes The acerage dose is 5 to ]0 capsules which will mean about 
1 to 2 grains of the alkaloids in cich dose oi 5 to 5 grains a day This quantity 
would be quite suflieicnt to jiroducc the effects foi which the poppy heads 
arc taken 

A larger quantitc of capsules suflicient to obtain 3 0 gi.immcs of the alkaloids 
wore extracted The quantities of the chief .ilkaloids wliicli were detected is given 
in the following Table — 


Tabli III 


Nnmc of alkaloid 

^ Irom igrainims I 
‘ of total alkaloids ! 

I’crccntagc 

1 

Nnrtotinc sud pipvvcnnc 

1 

O'U 

1 do 

Codcino 

0 78 1 

1 2C 


1 


Morphine 

0 u 

(4 5 

Other alkaloids and impniitics 

i 1 1C 

1 j 

!9 5 


It will be seen from these lesults that the popp} capsules contain a xcr^ 
small quantity of morphine and large quantities of naicotinc, papavciine, codeine 
and other alkaloids which have a decidedly wcakei depressant action on the central 
nervous system 

As regards the keeping properties of the poppy capsules the general idea 
prevalent is that they deteriorate with age The addict always piefeis the fresh 
poppy heads as they produce bettei eftccts and foi medicinal purposes also old 
stocks which have been lying for a year oi two aic not recommended ^\e arc 
carrying out a series of observations to determine the variations in the alkaloidal 
contents of the capsules produced by age and these will be published in due course 

"kN ANALXTICAL STUDY OF 530 CASES OF ADDICTION TO POPPl 
CAPSULES STUDIED 

We hax e failed to find any reference to this addiction m the medical literature 
although it w'ould appear to have been fairly widespread in India not len lorn' 
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Addiction to ‘ Post ’ in India 


ago It IS probable that it was considered to be practically tbe same as opium 
addiction and no one thought of studying it separately We realized in the early 
part of our investigation that tbe two addictions difiered in many respects A 
perusal of the section on the chemistry of the poppy capsules will show that 
their composition differs from that of opium The alkaloids belonging to the 
morphine group and morphine itself occur in much smaller quantities than 
those of narcotme group The effects on the individual, therefore, would 
differ 

(1) Type of addicts — The addicts generally belong to the lower grades of 
society, the majority of them having veiy meagre means Those belonging to 
better classes are feu in number and are generally those individuals who have 
tiled all narcotic diugs such as hemp drugs, opium, alcohol, cocaine, etc An 
inquiry made in these two districts showed that in Jullundui district, where the 
Mohammedan population is large, moat of the addicts are Muslims belonging to 
Eangpur and Rajput classes whose main occupation is agiiciiltuie In Hoshiaipui 
distiict the Sikh agiicultuiists piedoniinate In both these districts a laige number 
of addicts belong to the menial classes such as sweeper, uatei -earner hackney 
carriage diivers, etc No particulai cause can be assigned as to why they become 
addicted to poppy heads except that they aie obtainable here and that they are 
somewhat cheaper than opium The average daily dose of this diug nmrks out at 
about 1 anna while that of opium about 2 annas a day 

(2) Dosage — The average dose of poppy heads' estimated from our series of 
630 cases worked out to be 1 J chJiatacks (or 3 ounces) per day This may be taken 
in at once, but geneially is divided into 2 or 3 portions and taken moining and 
evening oi in the afternoon also About 8 to 10 average sized capsules weigh about 
1 chliataek A capsule when lanced gives about half a giain of opium on an average 
but we have already pointed out that when the capsules, fioin which opium has not 
been extracted, aie ripened and dried they neither yield the same quantity nor the 
same qualitj’’ of the alkaloids An average dose of poppy heads, however, contains 
sufficient alkaloids to produce the effect which the drug produces We came 
across some addicts who took as much as 8 to 10 chhatacls a day but this vas 
very rare As a iiile the dose was kept below 5 chhatacls (10 ounces), by far the 
large majority taking between 1 to 2 chhatacls, equivalent to 3 to 6 grains of the 
alkaloids 

(3) Causation of addiction — 

(o) Disease — A perusal of Table IV, A, will show that in our series as many as 
40 3 pel cent took to this drag for some disease or ailment which it was supposed 
to cure It IS interesting to note that out of 214 cases v ho took the drug for some 
malady the majority, i e , 47 2 pei cent kept to very small doses of under 1 chhatacl 
(2 ounces), 39 5 per cent took between 1 to 2 chhatacls and the remaining took 
larger doses Table V gives a resume of the difierent diseases and ailments for 
nhich the drug nas taken 
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Taiut Y 

Slalcvicitt shou'Dtq laiwiis (hscnscs fo) u'lnch 1^0 addtcis st(t)tcd the 
‘ post -addiction habit 


1 

1—1 ch 

1—2 ch 

1 ch 

4 ch and 
ahoie 

Total 

Di'^cn'cs o( l\t^ 


10 

1 

y 

57 

CoagU nwl (orNri 


11 


1 

2G 

TTvmopU si‘< 


J 

t 

I 

10 

Asthma 


> 


1 

14 

Bowel di-enses 


> 

> 

1 

12 

PiKs 


■1 


1 

0 

Backache 

1 

10 


1 1 

IS 

Pain in cheat 

1 


' 

1 

2 

Sciatica 

> 

1 1 

1 


1 

4 

Rheumatic pains 

1 

1 



2 

Canes bones 


1 

1 


0 

Sinus jaw ^ 


1 



1 

Injuries 

! 

1 



4 

C.eneral tome 

> 

1 



1 

I nlnrpeil spleen 



1 


1 

Palpitation of heart 


1 



1 

Urticaria 



1 


1 

Instmitc 


1 



1 

Gonorrheea 

1 


1 


-> 

S\ philis 

1 




1 

Spermatorrheea 



1 


1 

Dvsiiria 




1 

1 

Total 

! '*' 

40 

] I 

1 

n 1 

170 


It will be observed that eye diseases come first on tlie list, then come diseases 
of the respiratory system such as asthma, hienioptysis, cold, cough, etc , iievl 
follov aches and pains and then the bowel diseases It is eiident that popp} 
heads have never been taken for any serious disease 
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(6) Association — The next mipoitant cause of addiction appears to be asso- 
ciation We have already mentioned that 'post addicts aie very fond of company 
They always like to have friends or associates around them and hence they collect 
in tahias for taking the drug They advise post as a panacea for all the ailments 
and tioubles Most of the people get the habit by advice and even entreaties of 
the addicts We made a special study of 420 cases with a view to see if the addic- 
tion could be hereditary and came to the conclusion that heredity did not play any 
pait We were, however, stiuck by the fact that 32 2 pei cent of the addicts 
gave a history of addiction in some membei oi othei of the family This is evident 
from Table VI In 17 0 pei cent of these one of the parents vas an addict Out 
of the whole series 155 or 29 2 per cent contiacted the habit by association It 
will be observed that in this group there is a tendency to largei doses 

Table VI 


Effects of Imedity 


Doses 

Fathei 

i Uncle 

1 

Mother 

Grand 

father 

More 

than 

one 

member 

None 

Totai 

Up to 1 eh 

30 

5 

4 

' 1 

16 

144 

208 

Up to 2 ch 

22 

1 

2 

7 

15 

92 

139 

Up to 3 ch 

4 

! 

1 

1 


3 

25 

3J 

3 ch and above 

9 

1 


2 

1 

4 

24 

40 

Total 

65 

7 

7 

i 

18 

! 38 

285 

420 

Percentage 

1 

15 4 

16 

i 

1 6 

4 2 

9 0 

67 8 

100 


(c) Euphona ■ — The next in oidei come the pleasure seekers who form 14 1 
per cent of this series Among this gioup are included those individuals who take 
it entirely for its soothing and euphoric effects They aie generally young people 
who have ample means and have little to do , they are fond of company, are 
ease-loving and spend most of their time in enj oyment and recreations peculiai to 
their class, e g , cock-fighting, quail-fightiiig, etc They rapidly increase the dose 
and take large doses of the drug 

(d) As a sKhsiiiide foi alcohol oi foi hatd noil — ^There aie only 11 7 per cent 
who take this ding as a substitute for alcohol and they aie as a lule satisfied with 
small doses, sufficient to minimize the craving they have for liquor The majonty 
of this group V eie Sikh agriculturists who, having taken to drinking large quantities 
of alcohol, find it too expensive and take to this drug as a substitute Only a small 
number 4 6 per cent take it to enable them to bear the strain of hard work 
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(4) Duration of addiction —It ^MlI be seen from Table IV, B, that only 
in 12 5 per cent of the cases the duration of habit \\ns undei 4 } ears, in 31 1 per 
cent for 11 to 20 j ears and 20 4 per cent over 20 years It foUo^\s, therefore that 
the habit once started lasts for considernblc periods and is ^cry difTicult to 
break 

(6) Age when started perusal of Table IV, C, ^Mll show that in the nia]ority 
of cases the habit was started in early adult life In 30 7 ])er cent it was started 
below the age of 20, in 30 1 per cent between the ages of 21 and 30, in 21 3 per cent 
between 31 and 40 > ears, a very small number, i e , lib per cent of the total 
del eloped the habit after 10 jears of age Of the small percentage who started 
the habit after 10 icars of age the maiorit) found it nccessnrj to take it for 
amelioration of some ailment or disease Pleasure, hard work and substitute for 
alcohol find no place among the addicts who take it after the age of 40 

(G) The present age of addicts — Bcgarding the present age of addicts a perusal 
of Table IV, D, will show that only 1 3 per cent of our senes were below the age of 
20 G6 5 per cent being between the ages of 21 and 50 An analysis of our cases 
shows that the )ounger men become addicted to the habit tl^cfi^ for its euphoric 
effects and as a substitute for alcohol and lastly to enable them to bear the strain of 
hard physical work 

(7) Addict’s idea of its effects — As regards the cfTccts produced upon an addict 
it vail be seen from Table IV, E, that 55 3 per cent of the addicts thought it had 
beneficial effects on them, while 44 7 per cent considered it was harmful As a 
rule the addicts taking small doses claim that it does them good, gonciallj bj 
keeping in check such minor ailments ns cough cold, aches and pains, watering of 
the conjunctua and other worrying symptoms, from which they siifTcr In this 
series we found that with small doses such as under a chhatacl (2 ounces) a daj 
there are no apparent ill-effects cither physical or mental V ith bigger and more 
frequent doses it is decidedly harmful 

(8) Occupation of addicts —A penisal of Table IV, E, w ill show that the habit is 
universal among the menial classes Tlic agriculturists take it to enable them to 
do hard w'ork Those huMng sedentary occupations and have to sit for long 
hours, e g , shopkeepers, weavers, tailors, etc , form quite a large group, whilst 
16 per cent constitute the no-w ork class who arc either r agabonds, beggars, etc or 
who have to w^ander about to get a precarious livelihood There wore fnc 
prostitutes in our senes who said that it is useful for leucoirhceal discharges and 
professed that it keeps their genitals dry and enhances the sexual act 

(9) Sex -A penisal of Table W, G, shows that 97 1 per cent of the addicts 
studied were men and only 2 8 weie females This corresponds more or less to 
what we found in opium addiction and the same reasons hold good here 


Effects produced by habitual use of poppy iifads or ' post ’ 

We were unable to find in the medical literature any account of the si mptoms 
a«d eaertB p.otod I, tie ™e „f p„pp, 
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m tliem The following description has been compiled from a careful analysis of 
OUT senes of 630 addicts we have studied 

The symptoms and ehects produced by opium and poppy heads difier more 
in detail rather than in their general aspect These naturally differ yith the dose 
taken, duration of the habit and individual idiosyncras}’^ On the whole it may 
be said that the effects of the capsules aie milder but not so lasting as opium, as 
the formei diug has to be taken moie fiequentlv A perusal of Table III shows 
that poppy heads contain moiphine and codeine and narcotine and papa^ enne 
in about equal proportions but the amount of moiphine itself is verv small as 
compaied with that in opium Although most of the opium alkaloids depiess the 
psychical areas the action of moiphine m this respect is much more poueifiil and 
the same is true of its analgesic effects In fact papaverine, narcotine and 
also codeine to some extent, act more as excitants than depiessants and this 
stimulant action especially on the ps)mhical areas appeals to be a prominent 
feature of pos< 

Within a feu minutes after taking his potion the addict begins to shou signs 
of ease, comfort and a general feeling of well-being Theie must be some psychical 
element in this as the alkaloids would probably take 10 to 20 minutes at least to be 
absorbed from the gastio-intestmal tiact into the ciiculation in sufficient quantities 
to produce their effects Theie is undoubtedly a maivellous change in the addict 
soon after the potion is drunk Fiom a condition of lethaig}', fretfulness moioseness 
and peevishness, he passes into a state of gaiety and talkativeness He looks happy 
becomes ver)’- commumcatne and companionable This state of affairs lasts for 
1|- to 2 houis and gradually the agreeable feeling of elation passes into a state of 
depression, the individual becoming drowsy and ma)’' fall off to sleep The stage of 
depression is not nearly so marked as in the case of opium The effects completely 
pass oft in 5 to 8 hours The excitement stage, we have already said is more 
pronounced than m case of opium The effect appears much more quickly, piobably 
due to the fact that the alkaloids aie taken in foiin of solution and are absorbed 
more rapidly I\Tien the habit has established itself for a long time the addict 
generally looks dull and sleepy, becomes slow of comprehension and inattentive 
His gait becomes heavy, his movements slow , he is careless in dress and dirty in 
his habits His speech is slow and hesitating, in monosyllables jerky and his 
voice is husky as if he is talking in sleep The only time when he brightens up 
and looks his normal self is when he has taken his potion, and for 2 or 3 hours 
afterwards Even then his method of tallang gives him away He speaks as 
if in a dream , he pays little attention to what is said to him but goes on muttering 
to himself The special senses are not directly affected but appear to be dis- 
turbed through impaired attention oi heightened reflex irritability 

Even small doses, e g , 5 or 6 capsules a day appear to produce a marked 
physical deterioration when continued for prolonged periods and the addict becomes 
mentally degenerated and lazy Probably the chronic constipation which is 
present in the majority of these individuals and the consequent intestmal toxsemia 
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Inve a great deal to do -nitli it We found tliat even those addicts Tvho took 
small doses could carrv out their ordinar) vocations only ivith difficulty 

The addicts sav that poppy heads do not upset their digestion, in fact they 
claim that it sharpens their appetite and they con cat more and digest better 
They claim that their eyes feel dry, the sight is iinproa ed and cough and cvpectora- 
tion are decreased It is ''aid to dr\ all the c\ccssi\ c secretions Some claim 
that it gnes them relief from asthmr A drink of post in the evening after 
a hard day of toil refreshos them and gnes them ease of mind and langour of 
the body 

Those addicted to this drug are generally bclie\ed to suffer from sluggishness 
of the hovels and chronic constipation Tt is veil knovn that morphine decreases 
general sensitiveness and, therefore, responsn cncss to the defpccatiou act The 
response to distensivc stimulus of peristalsis is decreased and there is quietening of 
peristaltic mo\ ements Opium, therefore gi\ cs rise to chronic constipation The 
action of morphine esters, c g , codeine is less marked in this respect and that of 
narcotme and papaverine is c\cn veaker These latter alkaloids, hovever, have a 
direct, depressant action on the smooth muscle of the intestine and therefore 
tend to dimmish peristalsis The act of defalcation thus becomes difficult, so much 
so that the addicts sit for hours together and forget that they are m the act of 
defalcation Constipation docs not appear to be so common in these addicts as in 
opium addicts Out of 221 addicts in our senes, in vhich me specially studied the 
effect of the drug on the hovels, onh 32 complained that they suffered from it 
badly The drug undoubtedly has a mell marked diuretic effect and those addicted 
to it micturate very copiously and frequently 

The addicts arc very forgetful not onlj of themsehes but of their omn sur- 
roundings They appear to lose all idea of correlation of time and space , they 
forget their environments and do not kno\y mhat they arc engaged in doing They 
may sit in one place for hours together doing nothing mithout feeling it They 
may walk a fev yards and think that they have travelled for miles or they may 
have walked foi miles and think that they have valked only a fev paces They 
may go on doing hard work for hours vnthout feeling it or they may sit idle for 
long periods They lose the idea of correlation of touch perception and localization 
and many stones are told about it The addict to post becomes mechanical 
or automatic m his actions and appears to have no control over his viil power 
Once he starts doing a thing he will go on till he is reminded that it was time he 
stopped 


* Some postis were sitting near each other when one of them had the desire to scratch his leg 
He began to scratch his neighbour's leg thmkmg that that was his ovm Another story related is that 
a number of addicts were sleepmg near each other, as is their custom One sudden'v woke up and saw 
his oim W knee up before him He thought it was the head of a thief and ho struck a hard blow 
at It <md shouted I have hit the thief’s bald head but he has struck a blow at my knee when running 
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. Physical, mental and mobal eepeots 

That addiction to poppy heads produces considerable physical, mental and 
moral degeneration there is little doubt Our impression from the study of our 
cases IS that as compared with opium these effects are much more pronounced with 
much smaller quantities of the alkaloids which are consumed in the poppy heads 
The features wm have described above are so typical of the addict that he can he 
easily recogmzed ’WTiiIe an opium addict taking small doses may not be easily 
differentiated from a normal individual, a person talong even small quantities of 
fost at once gives himself away So much so that in the Punjab a lazy, slovenly, 
dull and uumtelhgent-looking person is often called a fosti (or one who mdulges 
in poppy capsules) 

The addicts who have taken the drug for some time are, as a rule, spare and 
emaciated individuals with stunted growth and sub-normal weight They have a 
sallow, muddy appearance, sunken e3'-es and cheeks and are veiy anaemic Their 
eyes look dull and sleepy , they have heavy palpebrse and dry conjunctivae 
Advanced cases w^ho have taken large doses look cachectic, have a dirty tongue, foul 
breath and give the impression of suffering from chrome intestinal toxaemia The 
subcutaneous fat is absent and the muscle tissue is wasted so much that the dry 
skin becomes quite loose over it The throat is dry, lespuations are slow and 
shallow and the expansion of the chest is impaired The pulse at the wrist is 
weak, slow and compressible , soft hsemic murmurs are not unfrequently audible 

As regards the mental effects they differ somewhat from those of opium 
The excitement stage is more prolonged on account of the smaller amount of 
morphine and larger quantities of the alkaloids of the iso-qumoline group, i e , 
narcotme and papaverine There is a feeling of elation, exuberance and well- 
being, which mamfests itself in speech and gestures In this stage the addicts 
become very commumcative and reveal all then secret thoughts There is loss of 
responsible control over mental processes, but the control of movements is not 
impaired as is the case ivith alcohol The net result of the action on the psychic 
areas is unrestrained imagination which may take different directions m different 
individuals In some it will produce excitement, in others drowsiness and sleep 
The irritation of the nerve cells produces hallucmations w^hich, though present in 
this addiction, aie not so prominent a feature as in case of cocaine The effect on 
the addict who has taken the drug for long periods resembles a chrome poisomng of 
the nervous system especially of the higher psychical areas, which alters the mental 
activity from a state of high irritation to a complete breakdown even to paralysis 
The mdividual becomes dull, lazy and careless , he has a vacant look, and his 
eyelids droop , the temper is often irritable and he gets excited quickly , his will 
power is weakened and he loses his determmation of mmd and character The 
addicts are generally feeble-minded individuals and are untruthful, selfish and 
self-centred 

As regards the connection between msamty and addiction to this drug no 
distinct relationship could be traced Four out of the 530 cases studied were 
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insane and in ti\o of these at least the drug had been taken for prolonged periods 
and in large doses 

Abstention symptoms — ^These closely resemble those of opium The effect of 
one dose of post lasts for 4 to 8 hours and it is generallj so arranged that by that 
time the next dose is taken Usualh about half an hour before the due time the 
addict begins to lawn, feels dull, heavy, depressed and aery tired His eyes 
begin to run there is snecrui" salnation and frequent spitting Some have 
flatulence, cnictations, and e\ en pain in the alidomen If a dose is not then taken, 
the fatigue increases, he gets headache, \.igue pains all over the body which may 
localize theinsehes in some of the joints and niav become excruciating If still the 
dose IS withheld the restlessness increases, the addict becomes very irritable, 
peevish and restless , he becomes morose and despondent of Ins life , he has a 
sinking sensation and there mai be a feeling of impending death In some individu- 
als the rcspiratorv sMiiptoms aie more marked, the addict suffering from dyspnoea, 
and paroxvsms of scicre cough In othcis the gastro-intestinal sjnnptoms are 
prominent, there being frequency of atools, diarihcea and colick} pain In yet 
another group the nervous svmptoins are the chief manifestations, the addict 
complaining of dimness of vision, formication, tmgling sensation over the body 
and insomnia As a rule the addicts arc so careful of their nest dose that they 
do not giv e an opportunity for these sjmiptoms to anse by makmg sure of it when 
it is due 

We have been told by addicts ov'er and over again of the disastrous results 
which wull accrue, if bv any chance it is contemplated to stop the cultivation of 
the poppy in these distiicts at once and their supply of poppy heads is cut off 
A study of the addicts has impressed us with the fact that the habit is deeply 
ingrained m them and any sudden withdrawal of the drug will give rise to acute 
distress among them Registration of the addicts and such measures as have 
been introduced m some of the districts of Assam, together with a gradual, pro- 
gressive reduction m the amount of poppy heads produced till their complete 
extinction, would probably be the best solution of the problem 

DiTTERENCES between the effects PEODTJCEn BY ‘ POST ’ ANE OPIUM 

We have already said that the symptoms and effects produced by post and 
opium bear resemblance but the excitement stage is considerably longer m case of 
post, in fact some of the effects resemble on a mild scale those produced by cocame 
Here we will confine ourselves to the addicts’ own idea of the difference between 
the two drugs 

The common belief among the addicts is that post does less harm than opium 
The reason given is that a person addicted to poppy heads requires a comparatively 
much larger dose of opium to produce the same effect Opium is said to have a 
more constipatmg effect, it upsets digestion and produces loss of appetite They 
also say that post is a coolmg and refreshmg dnnk, and quenches thirst, while 
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opium IS heating For this reason many addicts take to poppy heads in the 
summer and opium in the winter They say that 'post is less intoxicating and its 
efiects are milder but more prolonged They claim that it does not form a habit 
so readily as opium This, hou evei, is not borne out by oiu observations Opium 
produces a peculiar muddy, sallow, coloration of the skin w’hile post does not do 
this It is believed that w’hen opium is being taken it is necessary to take iich food 
such as sugai, milk, ghee, etc , but poppy heads do not require these accessoiies 
They are, therefoie, preferred by the poorer classes Another reason given for 
preference to poppy capsules is that opium is often adulterated but the capsules 
are always free fiom this defect Besides this tbe capsules are said to have diuretic 
properties while opium is not considered to be good for the kidneys It is said 
not to have the same aphrodisiac action as opium 

Summary and Conclusions 

(1) Poppy capsules weie used for medicinal purposes in the early classic 
Greek and Homan periods They have also been used for many centuries m the 
Chinese medicine in the treatment of bowel diseases and in the Hindu and Moham- 
medan medicine in India against diseases of the alimentary and respiratory tracts 
and painful inflammatory swellings of the body 

(2) The use of poppy capsules foi euphoric pmposes dates fiom the very 
early times In India this was staited soon after the introduction of poppy 
cultivation into the countiy Keferences to the Moghul literature show that a 
beverage prepared from poppy heads w'as extensively used all over India in the 
16th, 17th and 18th centuries and latei 

(3) Since the introduction of restrictions in the cultivation of poppy, the 
temptation has been leinoved fiom the peasants’ door and the habit has practically 
disappeaied fiom most parts of India 

(4) The only part of the countiy w^here poppy heads aie used, at the present 
time for purposes of addiction, are some of the districts of the Punjab, chiefly 
Jullundur and Hoshiaipm and some of the Eajputana States The total number 
of addicts in the formei area is piobably not more than 6,500 

(5) The pieparation of the beverage and the mode of mdulgence is described. 

(6) A chemical analysis of poppy capsules fiom which opium has not been 
extracted has be^n carried out The results show that, as compared with opium, 
they contain mum smaller quantities of morphine and much larger quantities of 
codeine, narcotina and papaverine 

(7) These latteV alkaloids have a weakt ^ n the psychical 

areas and a w eaker malgesic efiect, m fact s t as excitants 

The symptoms, theierare, difler somewhat froi i indulgence, 

and resemble m some inspects those pioduc^ nuch milder 

scale 
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(8) An nnnhhcnl study of 530 cases of addiction to poppy heads or post has 
been earned out, and different factors m connection ^Mth its causation, dosage, 
symptoms and effects produced }ia\c been lecorded 

We arc \cry grateful to the Go\eriung Bodj of the Indian Research Fund 
Association who ha%e been good enough to fimnee this research 

RLFERCN'CES 

Watts (18S1) Dicliomrv of economic products in India, Vol VI 

Dtmock (ISOj) Phnrinncographm Indies 

CnopnA, R X andGnswAL, K S (1027) Opium Habit m India Ind Jour Med lies , Vol XV, 

No 1, Jul^ 

CnoPBA, K N (1928) The Present Position of Opium Habit m India Ibid, 

Vol XVI, Xo 2, October 
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While engaged m a malaria survey of tlic Duars tea-gardens in NortL Bengal 
(Strickland and Chowdliury, 1928) we used tvo types of traps for catchmg tlie 
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adult mosquitoes The traps m questjon were described m the report of the survey 
{op cit ) hut may be shortly leferred to here One was an ordinary tea-plucking 
basket ‘ leaped mside and out with cow-dung and covered with a lid {see Fig 1) with 
centre opening 6 inches in diameter — ^lid also leaped — ^hung up a little ofi the fioor 
in a cowshed or other building, and a little grass or hay placed at the bottom of the 
trap ’ (Ciemesha) the other an ordinary tea-boa (Fig 2) about 18 inches each way, 



Fio 2, 


and m one side of it a circular bole that could be closed by a swivelled door, the 
inside of the box being blackened with stencil mk 

In that report it was stated, * short of a test with the traps side by side con- 
clusions as to their relative efficacy must be fallacious and will not be attempted ’ 
and that m a test it would be more important to know the better trap for catching 
the ‘ carner-species ’ than all species 
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The following tables arc the result of Mich a lest oith one (rnp of (nch t}pe 
bide by side which mss made during a subscijiient imhrn surics in Upper A'^snm, 
thecomparatne mnnbcrof mosquitoes cnnghl in the tiso t>pcs of trap being shown 
m the tables 

The suncy o\tendcd o\cr a period of two \eirs, 1027 and 1928, but roiering 
onh the eight months of the hot weather and the rains nch snr Oni) in 
1927 was the culiciiic catch recorded 


1 AllU 1 

AJI mosyutlocs, all localities, 1927 "iuriri/ 


1 

Ten bwkcl trap i 

Box trnp 

aa.ati 

av.oea 


The boy-trap was therefore slight h more cthciciit for the general catch 


Table 

Cuhewes, all localities, 1927 suncy 


Tea basket 

Bor trap 

30,87S 

i 5t,00a 


cuhemes 


The boy-trap was the more efficient bj about in per cent for catclung 


Table Il-j5 


Anojihehnes, trapping in all locahitcs, 1927 and 1928 


Basket 

Box trap 

8,167 

0.207 


•iuncifs combined 
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Tlie box was therefore the better trapper of anopbelines by about 13 per 
cent 

Table II-B analysed 


The results of the analyses are tabulated below — 



1927 

Per cent 
better 

1928 

Per cent 
better 

1928 
and 

1929 

Per cent 
better 

Hot weather — 







Basket 

490 

10*0 

62 


542 

• 

Box 

442 

• • 

468 

781 

900 

66 

Rams — 







Basket . . . 

1,973 

• 

6,642 


7,616 


Box 

2,618 

32 7 

6,689 

1 

8,307 

9 

Hot weather and rains — 












Table 

Il-R 

Basket 

2,463 


6,694 


8,167 

« • 

Box 

3,060 

242 

6,147 

8 

9,207 

13 


The more comprehensive of these analyses, viz , those showing the result 
(1) in the hot weather or the rams m the combined years, and (2) m 1927 
and 1928 during wither season, unfortunately do not afford any verification of 
Table TL-B, so that the findmg given m this Table (II-5) cannot be defimtely 
claimed to have been otherwise than possibly a chance one If, however, this 
table shows correctly which is the better trap, then the annual and seasonal 
difterences shown above m the subsidiary tables may have been due to some 
factors aftectmg the trapping and not necessarily to the errors of random 
sampling 
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Table IV 


Sexual predilections of the anopJielines for the traps 
All anophelines, all localities, 2 yeais' survey 
A Females 


Tea basket traps 

Bos. 

i 

Bos better by 
per cent 

6,892 


8,975 

1 

-f62 


B 

Males 


2,265 


2,260 

1 

±0 


The box type was more attractive to the females 
The basket and the box were equally attractive to the males 
These figures were not well supported by subsidiary analyses for the separate 
years or seasons and so they cannot be accepted as more than possible indications 
of the truth 

Conclusion 

The so-called tea-box trap appears to be superior to the basket by about 12 
per cent for catching both culicine mosquitoes and anophelines 

Apparently the boxes were better than the baskets as far as nearly all the 
anopheline species including the well-known ‘ malaria-carriers ’ were concerned , 
funestus markedly favoured the tea-boxes 

Females were caught very much more frequently than males by the boxes as 
compared with the baskets 

In general all the above indications are in favour of the use of the box-traps, 
and not only so but these outweigh the baskets in all other advantages and it is 
therefore advised that they be generally used 

REFERENCE 

Stbicjkland, C and Caownmnav, K L ‘A Report on a Mosquito-malana Surrey of the 
(1928) Duars Tea Gardens Indian Tea Association ’ 
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This report deals tnth an investigation, lasting from January 1920 to July 
1928 into the causation of the dysenteries of 3Ihov\ , Central India, and of some 
neighbouring military stations m the Central Provinces The work was prehminaiy 
to an attempt to produce a vaccine agamst bacillary dysentery tshich could be 
administered in some manner other than by subcutaneous inoculation, and was 
financed by the Indian Research Fund Association 

Cunningham, Acton and Knowles, and others, have shown that the idea at 
one time firmlv held in India that almost all dysentery in this country is caused by 
Entamdba hxstolylxca is entirely incorrect Mamfold proved that, amongst the 
military and civil population of Poona, the dysenteries are almost all caused by 
B dysentencB Flexner and that a imid ententis iiith dysenteric sjTnptoms, known as 
‘ Poonaitis,’ IS m fact bacillary dysentery 

* Our own findings, so far as ]Mhow and neighbouring stations were concerned, 
confirm the above, for over mnety per cent of dysentery cases investigated were 
bacillary infections, by far the commonest organism present being B flexner The 
population from which the cases came was a mditaiy one, but, m order to ascertain 
if the same proportion held amongst civilians, ue examined many stools from 
bazaar patients, and here again bacillary dysentery was far more commonly met 
with than amoebic 


Collection of xutebial 

Most of the material examined came from the local garrison The Centra! 
J^ovinces Distnct Laboratory in Mhow suffers from being situated one ipile from 
the Bntish and over two miles from the Indian Military Hospitals For some 
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montlis, all stools were collected from both hospitals m the bed pan and by motor 
ambulance, and the percentage of positive findings was over mnety Then economy 
produced a sweeper on a bicycle, with material in test tubes, and the road to the 
laboratory is up-hill Finally a sort of baker’s hand-cart replaced the bicycle, 
with the advantage of being capable of carrying several bed pans, but with the 
drawback of being very slow indeed And with each change the propoition of 
failures recorded became higher 

It is well known that the chances are small of finding a causative orgamsm, 
whether bacillus or protozoon, in a stale stool It was surprismg to find that, once 
the stool was more than thirty minutes old, specimens one, two, and three hours 
after passage gave much the same proportion of positive results, and that it was 
only after three hours that the percentage again fell The warmth and humidity 
of the air during the dysentery season, and the fact that material is usually sent for 
examination during the heat of the day, between Dam and 4pm, probably help 
the survival of dysentery bacilh in a mucous stool, and militate against it, by 
encouraging the growth of B coh, in a faecal one 

Table I shows the percentages of positive results {B flexne) or B sJnga) 
obtamed from 150 consecutive cases showing a defimte bacillary exudate, ranged 
according to age at the time of plating 


Table I 


Age when plated 

Percentage of total 

Positiye results 

Less than half hour 

15 9 

93 7 

Half to one hour 

25 4 

67 7 

One to two hours 

26 2 

78 9 

Two to three hours 

20 0 

73 3 

Over three hours 

13 6 

40 0 


From out-stations dealing with the laboratory, the following specimens were 
sent from every case of clinical dysentery mucus in Churman and Teague’s 
glycerine solution for culture , smears of mucus on slides for identification of the 
cellular exudate , smears on coverslips fixed m Schaudinn’s solution for examina- 
tion for protozoa Most of these stations while no more than 12 to 24 hours 
distant by\tram, were from 3 to 7 days away by registered parcel post 
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The percentages of successful isolntions from flefinile bacillary exiulatcs from 
local and out station cases \\cre ns under — 

, III 1026 Local 71 per cent 

Out-stations 46 ,, ,, 

In 1027 Local 56 „ „ 

Out-stition 43 , „ 

ThK PRI UMlNARY DUCNOSIS 

Our practice in reporting on cases was that of most laboratories no\\adn\s 
that IS, a prcliminar\ diagnosis w is made from the microscopical nature of the 
cellular e\ud ite and was returned to the hospital In the min who brought the 
stool, or telegraphed m the case of out-stations, the oliject being that appropriate 
treatment should be begun as earh as possible 

We found, as have other workers that s/iii/rf infections were not neccssanlj 
se\ere, nor/cJiiei infections mild, and medical ofheers did not gain by knowing 
the ldcntlt^ of the causative organism in baeillnr\ cases, if proteins were excluded 
from the diet until the first named had been excluded The question of whether 
to administer anti dvsenteric serum was best decided on clinical grounds alone, 
and comparatu c!} few cases required this treatment 


Tnn EXUDAxn 

During the two years under consideration the total numbers and the distribu- 
tions of exudates, as classed by micioscopical appearance, were ns under — 



1 

DsmiTE 

1 

nACiLLAn\ 

In nr FINITE 

PaoToroAi 

Year 

1 

’ Number 

1 

Per cent 

Number 

Per rent 

^ umber 

Per ccnl 

1926 

i 

1 140 

69 7 

41 

20 4 

20 

09 

1927 j 

I 

124 

1 

j 

69-t 

1 

43 

24 2 

11 

6 I 


Throughout the report percentages for 1926 and 1927 are rrnen scpin.feK 
rather than the average for the tw'o Kars, since where they reman" niiKh the s.nie 

It may be taken that the figures represent fairly ncciiratelj the usiiii relain e 
annual incidence 


rt .Ji'! bMillarj cTiidato 14 quite iiiimi.l lUlilc 1111, le, ||,e 
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typhoid fever which ended fatally without perforation, and in no case which 
recovered We saw this exudate also in two or three cases of cholera amongst 
Indians, but it may be that this was merely the ualcing up of a chronic bacillary 
dysentery by the new infection 

As a rule, one glance dov n the microscope is sufficient to recognize the definite 
exudate, but not infrequently, especially where the patient has not reported sick 
at the onset of the disease, or in chronic bacillary cases, search has to be made 
before a patch of pus cells, macrophages, and ghost cells is met m the mass of 
mucus studded with occasional red blood cells 

An indefinite exudate, consisting largely of mucus, a few red cells, pus cells, 
cells from intestinal mucosa, and much cellular and unrecognizable granular debris, 
usually failed to produce any causative organism, either bacillus or protozoon 
Fle'cner bacilli were isolated sufficiently frequently from such exudates to bear out 
the opinion that they are probably more often than not an indication of subacute, 
01 chronic bacillary infection This supposition is supported by the fact that one 
may see this picture rarely preceding, and more often following, a definite bacillary 
exudate During the two years the latter uas met a day or two after the former 
in fourteen cases, from seven of which B jiexnei was isolated and from one 
B shiga 

Two adults and two children of one family, taken ill within forty-eight hbuis 
of each other, all showed indefinite exudates, and from three of these B moigan was 
isolated, while the fourth gave a negative result 

Pieces of mucus adhering to the faecal masses produced by an enema in a very 
constipated subject will often show the same elements as does the indefinite exudate, 
with the exception of the red blood cells 

In the absence of active pathogenic protozoa, there seems to be nothing one 
can call a definite protozoal exudate, but there are certain findings which encourage 
further search for amoebae The presence of a large number of eosinophiles, as 
pointed out by Anderson, is suggestive, as is agglutination of the red blood cells, 
as contrasted with the free-floating red cells in a bacillary exudate, and this latter 
characteristic alone, in an otherwise defimte bacillary exudate, was considered 
sufficient evidence on which to base a tentative diagnosis of ‘ probable mixed 
infection ’ 

Charcot-Leyden crystals were present in fifteen acute dysenteries, and were 
accompanied by E histolytica, either in the first specimen examined or during the 
following few days, in five of the patients, while a sixth showed this amoeba in a 
relapse six months later Tnchomonas hominis in unusually large numbers was 
the only finding in three more cases, in two of which an occasional protozoon 
contained a red blood corpuscle All the above nine patients were adults Of the 
remaining six, fiim uere children of ages ranging from 8 months to 4 or 5 years 
and in aU these the exudate was definitely bacillary in character No amoebse 
''Were found in frequent examinations 
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Wc never saw Cinreot-Lev den ervstais in a stool containing E hsloJijtita 
c\ sts or in the absence o{ mucus and tbe conchision suggested bv these few cases is 
that their presence in in uhilt is verv suspicious of active aincebic infection, but 
tint in an infant thev have not this sigmficuice hen the}" were met with m an 
adult it seemed justifiable to recommend a full coiiise of treatment for amcebic 
dv senterv’ 

The diagnosis of amoebic dvsenter} was nevci made on the finding of 
E hstolijdca evsts, as 10 to 1 j per cent of Indians and a doubtful proportion of 
Europeans normalh pass such evsts 

A not uncommon c\udatc amongst Indians was one defimtelv bacillary in 
character m cases which showed E hstohjdca a dav oi so later Of six mixed 
infections diagnosed microscopicallv and bv culture four began as definite bacillary 
cases, and the same sequence was seen in four out of eight amoebic d}senteries 
from winch no pathogenic bacillus was isolated but whicli also were undoubted!} 
mixed infections It seems quite clear that all these eight cases had a latent 
amoebiasis which was lit up by an acute bacillary infection without winch the 
amoebre would presumabl} hav'e remained quiescent 

The reaction of the exudate in 201 conscciitiv e local cases is shown in Table 11 
The term ‘ protozoal exudate ’ is here used only of one containing E h’^lolytica 

Table II 


Exndato | 

Xo 

Acid 

PnnCESTAOE 

Neutral 

Alkaline 

Bacillary | 

160 

25 

10 0 1 

87 5 

Indefinite 1 

j 

32 

12 6 

50 0 

37 5 

Protozoal | 

6 

10 0 



Mixed 

6 

66 6 

! 

31 1 


Acidity in a bacillary dysentery stool could usually be accounted for hjithe 
presence of unne / 

In one mixed B fiexner and E Imlohjtica infection, the exudate was id/aline 
on the first day of illness, indicating a bacillar}- infection, and acid on the f/lowitm 
day, when amoeba were found m the stools " ^ 
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Tke reaction of the mucus can be tested by any one with a book of litmus 
papers, and if, ^\bere facilities for microscopical and cultuial examination are not 
available, dysentery cases with an acid leaction were treated as amoebic infections 
and all otlieis as bacillary infections, tbe resulting errors of treatment would 
probably be feiver than at present 

Labokatory jiethods 

Endo’s medium was first used for plating, but was quickly abandoned in 
favour of litmus lactose agar, as giving better diffeientiation once reliable litmus, an 
absolute necessity, was obtained 

An attempt ivas made to follow^ up the microscopical diagnosis referred to 
with a final diagnosis 24 liouis latei, by emulsif}’ing suspicious colonies directly 
from tbe plate in a drop each of shtga and flexnei agglutinating sera This 
proved useless as many flexnei strains weie inagglutinable, and several other 
organisms, notably B pyocyanem, weie frequently agglutinated by low’- dilution 
flextiei serum 

Lactose, glucose, mannite, and dulcite, phenol red milk, and peptone salt 
media were used foi testing biochemical reactions Many textbooks attribute to 
B flexnei and other dysentery organisms quite definite action on these media, and 
it was hoped by using them to make at least a piehminary grouping, but it was 
soon evident that this was not possible It may be permissible to remark that 
winters of reports and textbooks frequently omit to state the number of days 
organisms are incubated before readings are made, knowledge necessary to those 
w’ho wnsh to use their results or repeat their w'oik 

Nearly all strains of B fiexnet isolated failed to produce any change in phenol 
red milk after the first slight acidity resulting from 24 hours’ incubation Their 
action on the sugar media could not be relied upon for identification, for many 
strains which w’ere agglutinated hy fiexno high title serum gave var3’ing degrees of 
acidity in lactose duiing the first seven days, and more rarely in dulcite 

Maltose, saccharose, dextrin, raffinose, arabinose inulin, sorbite, and galactose 
W'ere later added to the sugars already in use, and the action on these of man}'- 
strains isolated w'ere tabled daily over a period of 14 days’ incubation Their 
eftect on maltose and sacchaiose gave no definite help in identification, w'hile 
that on the remaining sugars w'as so variable as to be useless as an aid to 
classification 

As a result of testing fifty-seven strains of B flexnei proved serologically, and 
watched in all the above media for fourteen days, this organism w'as defined for the 
purposes of this investigation as follow's — A non-motile, Gi am -negative, non- 
sporing bacillus producing acid without gas in glucose within 24 hours, a similar 
change in mannite which may sometimes be delayed for another 24 hours, and 
having as a rule no effect on either lactose or dulcite Most strains produced 
indol. 



C 3 n IaUIc and IP Bornshn 


1021 


Tihle III tlie loictioiis on nil media used of four strains of B flexner 

winch were pro\ed seiolngicdh and demonstrates the unrehabilit}'- of their 
chs^fication In hiocheimcil action onh 
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Dysentery and other organisjis met with 

During 1926, one hundred and foity cases of dysentery m the acute stage 
show ed a typical bacillary exudate, while only fifteen cases of amcebic dysentery 
were diagnosed 

During 1927 the figures were one hundred and twenty -four and six respectively 
The percentage representations are — 


Year 

Bacillary 

Amcebic 

1926 

90 3 

97 

1927 

95 4 

46 


From many of the bacillary cases no possible causative organism was isolated 
If, for purposes of comparison, only those cases are considered to be of 
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bacillary origin from whicli either B sJnga or B flexne) was isolated the 
percentages are — 

Year Bacihary Amoebic 

1926 . 85 8 14 2 

1927 89 5 10 5 

There is no doubt then that, of acute dysenteries in the area investigated, 
bacillary dysentery is some mne times more common than amoebic 

The organism most fiequently isolated from bacillary infections was B flexner 


The percentage frequencies 

of this and of B sJnga 

were — 

Year 

B flexner 

B sJnga 

1926 

96 9 

4 1 

1927 

94 1 

5 9 


During the two years, from two hundred and sixty-four cases showing defimte 
bacillary exudates, either B flezno or B sJnga was obtained from one hundred and 
tv enty-four, or only 46 9 per cent This is partly accounted for by the fact that a 
considerable number of specimens came through the post from stations several 
hundreds of miles away 

From purely local cases, these organisms were isolated from 71 per cent during 
1926, from 56 per cent during 1927, the fall being undoubted!}’- largely due to the 
change in methods of bringing stools to the laboratory 

An organism resembling B moigan was obtained, in the acute, subacute, and 
chronic stages, from numbers of cases, but often in conjunction with B flexne) 
From acute stools it was isolated alone m 5 — 0 per cent of cases in 1926, in 
11 3 per cent in 1927 It was not agglutinated by the patient’s serum in the 
seven cases in which this test was made 

As already related, two adult and two mfant members of one family were 
taken ill with mild dysenteric symptoms withm forty-eight hours of each othei 
In all four the exudate was indefimte in character, and from three B morqan 
alone was isolated, while no possibly pathogemc organism vas grown from the 
fourth case 

B dysentencB Schmitz, as classified serologically, though it could not always be 
induced to produce indol, was recovered alone from 7 1 per cent of acute cases m 
1926, from 4 0 per cent in 1927 It was agglutinated in 1 — 250 dilution of the 
serum of one out of four cases tested 

An orgamsm resembling biochemically the members of the Salmonella gioup, 
but not agglutinated by any of the sera of that group, was occasionally seen in 
acutV and more often in subacute and chrome dysenteries It vas frequently 
isolate^ in conjunction with B flexnei, and we did not form the impression that it 
was a ™ssible cause of dysentery On the other hand, this organism was rarely 
met witliNn several thousand investigations of the fgsees of healthy followers, and 
never in WY otlmr disease than dysentery It was distinguishable from the 
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Snlmonclln group organisms by tlic immediate nncl intense production of alkali in 
phenol red milk 

From two cases of tvpical acute bacillary dysentery occurring on the same 
div in the same unit and with no s>mptoms of food poisoning other than are 
common to the two diseases, B mlrifclc Nevpoit was isolated 

B cnlcritidis Gccrfnc) waa the onh orgiiiisni obtained from the stool of a 
patient with the 'simptoms of chrome ihsentcru, but was not necessarily the 
causa tiNC orgauvsm 

B astahem agglutinated b\ a serum made against a strain of tins organism 
supplied by the R t College, 'Miilbank was isolated during the acute stage on 
three occasions 

B dtjscnfcrxT Sonne vas m our experience scry rare, as judged by seiological 
tests, but scieral organisms winch pro\cd serologically to be strains of B Jlexnei 
"aie the biochemical reactions of the former 

The importance of sending stools to the laboratorv for culture as early as 
possible m the disease is shown m Table IV, which gives the percentage of isolations 
of cither B Jlerncr or B singa from 222 consecutive cases diagnosed bacillarj 
dysentery on the appearance of the exudate 

Table IV 


Dn\ of disease on which 
hrst siiccimen was 
received 

Number of 
ca«;es 

Percentage of cases 
from which B flexner 
or B shtga wns 
isolated 

1st 

104 

f)7 ! 

2nd 

50 

440 

3rd 

2G 

47 7 

•Jth 

13 

j 46 2 

ith 

0 

60 0 

CtU 

1 " 

33 3 

7th] 

1 

1 ^ 

40 0 

A.fter 7th 

1 12 

83 

! 


Both local and out-station cases are included in the above 

It IS obvious from this table that there is a much greater chance of isolatincf the 
infecting bacillus on the first day of disease than on any subsequent day 
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During the two years, oiganisnis in the following proportions were isolated 
from the stools of dysentery cases m Miow and the surrounding stations Only 
those organisms which w^ere present alone are included , if one case produced, for 
instance, hot\iflex7ie7 and moigan, the former alone is counted It is not suggested 
that all are pathogenic 


B 

dy sentence Flexiie) 

75 2 

per 

cent 

B 

dy sentence Shiga 

38 


33 

B 

dysenie^ice Schmitz 

95 

S) 

33 

B 

dysentenoB Sonne 

1 3 

}> 

55 

B 

cBitiycJce Newport 

1 3 

39 

55 

B 

enteiitidis Gceitnei 

0 6 

33 

55 

B 

moigan 

70 

*3 

55 

B 

asiaticus 

1 3 

55 

55 


Persistence oe organisms m the stools 

For eighteen months out of the tw'O yeais, no man left the hospital until his 
stools had given negatne culture results foi ten consecutive days During this 
time w''e only recoveied dysentery bacilli fiom one adult patient in the absence of 
visible mucus This man had a persistent mild diarrhoea The most caxeful 
examination, however, must be made before mucus is declared to be absent On 
very many occasions, indeed, it was not seen until picked up by the copper wire 
spatula, and it is very doubtful whether it is safe to lay down that dysenteiy 
organisms aie not being passed if ‘ visible mucus ’ is absent, smce this term may 
easily be misunderstood by those lesponsible foi the examination It was not 
uncommon for a leport of ‘ no mucus ’ to accompany a specimen, yet for this to 
be found in the laboratory, owung to the different methods of examination possible 
here and in the hospital 

\ During the remaining six months of the two years, patients were discharged 
\from hospital w’hen they had ceased to pass macroscopically visible mucus for ten 

| )eing checked by two or three bacteriological examinations The 
as that lactose fermenting bacilli of various kinds are frequently 
y fseces in this country, and the time necessary for the identifica- 
inisms isolated on, say, the tenth day leads to an unnecessary 
charge of the patient 

tated, from one smgle adult case in two years a dysentery bacillus 
recovered after ail passage of mucus had ceased, but from 
asions during the thirty-five days betw een the onset of the disease 
;itive result No mucus w^as seen after his fifth day in hospital 
2 iy rareh^ that dysentery bacilli are recovered from adults w^hen 
mens IS not demonstrable if a thorough search for it is made But 
ir children B Jlexnei w as a common cause of ‘ green diarrhoea ’ 
mucus in the stools, and w^hen mucus was present the appearance 
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of tlic CMidntc ^\as by no nicnns always tliat of Incillniy dysentery Bile stained 
mucus contnniod some granular debus and a few pus cells and cells from tlxe 
intestiml mucosa, and the picture was that so commonly seen in cases diagnosed 
‘colitis’ Red blood colls were exceptional 

The manifestation of a Jlcxncr infection in children was not confined to ‘ green 
diarrhoea,’ typical bacillar\ dysentery being not uncommon 

In one hundred and tw ente -se\ on j^cxiio infections the exact date of onset was 
obtained, whether of the preliminarx diarrhoea, or, where this did not open the 
illness, of the acute attack The h'.t diy on which the organism was isolated 
from the faxces is shown in Table V It will be seen that only 81 9 per cent were 
free of infection m ten days from the onset, lea\mg 18 1 per cent still carrying 
and 87 I per cent w ere free in fourteen days lea% ing 1 2 6 per cent of jlcxnei cases 
passing d}sentcrv bacilli for nn^ period up to thirty-seven days from the onset 
of the illness 


Table V 


Dn\ of 
(liseaso 

Flexncr cases 127 

Shiga CASES C Schmitz cases 12 

Cases 

Per cent free 
of infection 

J 

Cases 

Per cent free 
of infection 

Per cent free 
of infection 

2nd 

B 


5 

83 3 6 

1 50 0 

3rd 

29 

47 2 

1 

100 2 

60 6 

ith 

11 

66 9 

j 



66 6 

6tli 

9 

62 9 


i 

i 

1 

76 0 

Cth 

6 

67 7 


1 

1 

1 ' 

83 3 

7tU 

7 

73 2 



1 

92 5 

10th 

11 

81 9 



1 

100 

14th 

7 

87 4 





21st 

9 

94 6 





35th 

6 

99 2 





37th 

1 

100 


1 
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A 

Six infections with B shiga and tv elve with B schmtz are also included m 
the table From the former the organism was not obtained after the third day of 
illness, from the latter after the tenth 

On such small numbers it is not justifiable to draw any certain conclusions, 
but the very marked contrast between the persistence of B flexnei and of B shga 
in the faeces suggests a reason not only for the difference between the numbers of 
flexne) and shiga infections encountered in this as in other investigations in India, 
but also for the fact that B shiga is the cause either of sporadic cases or of sudden 
flaring epidemics, while B flexnet dysentery goes on steadily all the year round 
with a natural rise m incidence in the fly season 

Serological investigations 

Agghitmogenesis of local shams of B flexner in acute dyseutoy 

Some of the results of the serological investigation are difficult at present to 
interpret 

In order to determine the agglutimn response in bacillary dysentery, and to 
ascertain whether or not this is of any help in diagnosis, it was hoped to 
obtain blood serum from one hundred cases of acute dysentery, on admission to < 
hospital, and on the 8th and 16th days after onset It appears from the results 
obtained by Manifold and DeMonte that moie information would have been 
gained by testing also one week later A complete series of three tests was 
made in forty-five cases only, as the men ceased to volunteer blood foi this 
purpose 

All the seia were put up against Oxford Standard emulsions of the five 
flexne) types F, W, X, Z, and Y, Dreyer’s technique was employed, and 
readings were taken after four and a half hours in the water bath They v ere 
also tested against an Oxford Standard emulsion of B shiga and against 
laboratory emulsions of strains of B sonne and B schmitz received from 
the R A M College, London Results were recorded in standard agglutinin 
units, owing to the very varying degrees of agglutinability of the emulsions, 
with the exception of B sonne and B schmitz agglutinins, which aie shown 
as percentages of full titre, as we had no standard emulsions of these 
orgamsms 

B flexner agglutinins were already present at the onset of the disease in 75 6 
per cent of cases , showed a rise against one or more types m 64 5 pei cent , show ed 
a steady fall in 13 3 per cent , showed no change in 22 2 per cent 

One E histolytica mfection only was included amongst these forty-five cases, 
and gave a rise of agglutinins, w'hich w^as not unexpected, since it w'as believed to 
be a bacillary dysentery lighting up an old amcebiasis, though no causative bacillus 
was isolated 
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B Jlcxncr obtained from the stools of twenty-eight of the forty -five cases, 


ind 


igghitinins against 


B ficxncr F 

wore 

present m 15 or 

53 6 

B ficxncr II 

>> 

7 

»> ft * ft 

21 3 

B ficxncr X 


ft 

57 1 

B ficxncr Z 

ff 

7 

n »» * It 

24 3 

B ficxncr Y 

ft 

13 

»» ^ It 

46 1 

B shiga 

t 

) 

> f — ft 

7 1 

B schnntz 

It 

ti j ^ 

10 7 

B son lie 

ft 

»» tf ^ ft 



From none of the fi\e cases which showed agglutinins against B singa &nd 
B schimi: present m all fn e at the onset and reniaining steadj throughout the 
illness was either organism isolated 

The abo\c results arc interesting Tables VI to XI (below) show the degree 
of agglutination of fiftv-se\en_/7rxarr strains bv the different type sera, and m these 
it will be seen that onh two were agglutinated bv X scrum and that most of the 
strains appeared to be of II t\ pe (Table VI) In Table XII it is seen that our 
stock IF strain which came from a reliable source, does not gne rise to X agglu- 
tinins in a rabbit, and set more than half of the patients examined showed agglu- 
tination of X Moreoser, in one of these cases (Lovett) X agglutinins were higher 
than an) other type throughout the illness, yet Lo\ ett has been proved bv absorp- 
tion to be a If t) pe It appears certain, therefore, that the patient’s serum does 
not lespond specifically to the infecting type 

In four B sclumlz infections, specific agglutinins were produced in one case only 
In two B shga cases tested, specific agglutinins wrere produced in both 


Agglidimtwn of local strains of B flexner 

A large number of strains was inagglutinable, on first isolation, by flexnei 
serum but most of them acquired agglutinability after subculture daily in broth 
for ten days, and as a routine procedure organisms were only tested after sucli 
subculture 

High titre agglutinating sera were prepared from rabbits for the V, If, X, Z 
and r types of B fiexner, using as antigens cultures supplied by the Department 
of Pathology and Bacteriology, Koyal Army Medical College, London Ten local 
strains were also used, but three did not serve as satisfactory antigens, and one 
was too toxic, and these were abandoned These ten strains W'ere chosen as 
representative of the local infection, and were from British and Indian cases both 
acute and chrome 

The SIX for which high titre sera were prepared were Alien, Shaw, Lovett, Jage 
Ram, Bahadur Shah and Ram Harak All organisms investigated were tested 
agamst these and the F, If, A, Z and F sera, and many against shga, sonne and 
sc/i?mtz high titre sera, because some during early or late incubation had given the 
biochemical reactions of these orgamsms 
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Fift3’'-seven strains of B flexnei were tested, and none were agglutinated by 
any of the last tbiee sera 

Tables VI to XII show tbe results of the agglutination tests The figures 
represent the percentage of the full titre of the serum to which each organism was 
agglutinated, and should theoretically show the type to w^hich the strain belongs 
Percentages have been raised or lowered to the nearest 5, m order to simplify the 
tables 

Twenty strains (Table VI) are agglutinated in highest percentage by W serum 
and should therefore be of type W As yet absorption tests have not completed 
the proof of this 

Strains 8 and 22 are, on this showung, type Y, or closely related thereto, but 
absorption tests have proved them both to be type W 

Table VII consists of three strains w'hich must provisionally be considered to 
be of type V 

The strams in Tables VIII and IX are as yet unclassed Strain 32 resembles 
stiaiiis 8 and 22, but is serologically related to ‘ Shaw,’ which these are not 
In Tabic X is the only organism yet tested which appears to be of type X 
Table X is the most mteresting, and it is amongst the strains therein that a 
type of B flexnei of different antigenic stiucture fiom those determined by Andiew's 
and Inman may be piesent, though we have not yet obtained complete proof of 
this Until recently, none w'ere agglutinated, in spite of frequent subculture, by 
any of the high title seia prepared for the \cno\xxi flexnei types, but the 8 hours 
agglutination method advocated by Mamfold and DeMonte has not yet been tried 
All except the last seven w’eie agglutinated by one or more of the local sera, so 
that they aie piesumably flexnei stiains, and both Shaw’ (40) and Earn Harak (11) 
w'hen tested veiy lecently showed agglutinability by the type sera, and should 
propeily be removed into othei groups, but are retained in their present group for 
the purposes of this papei because they remained inaggliitinable by type sera foi 
nearly tw'o yeais It is theiefoie not impossible that strains 51 to 57 may in time 
acquire demonstrable serological relationship ivith the knowm flexnei types 

As judged by their agglutinability, the fifty-seven stiains investigated w^ero 
dmded up as follows — 


B dy sentence Flexnei 

ir 

38 6 

B dy sentence Flexnei 

V 

53 

B dy sentence Flexnei 

X 

1 8 

As yet uuclassed 


54 3 


It appears, howevei, that the method of classification used by Andiew^s and 
Inman is not in all cases reliable This has been shown above in the case of Lovett 
(No 8) Table XIII gn es the result of testing four strains three times, with 
about tw elve months’ interval betw een each test Other strams similarly tested 
showed fixed or incieased agglutinabilitj'-, but in these four quite marked changes 
have taken place The sera used w eie usually of 1 — 5,000 titre or over , no serum 
was employed which had not a titre of 1 — 1,000 
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Alien ^\•ls igglntninled on I'^olntion, after the loutinc ten suhcultuiings, by 
IJ serum hut onh to tnenU per cent of its full title It nnsalso agglutinated to 
full titrc Itam ind linhadin Shah sen V fe\\ necks litoi it Ind lost all 

agf:bltInablllt^ except In its own soriitn and the title of the lattci had fallen very 
considcrabb from 1 — 1,250 to 1 — 250 the change being probabh wholly in the 
organism and not in the qnalit> of the sernin 

This state w is ret lined until quite iccenth , when it was found to ha\c regained 
slicht agghitinabilit\ b\ Bahadur Shah serum Jage Bam serum ind subculture 
became contiminatcd and weic lost 

The striin Bahadin Shah his =hown small changes the chief one being the 
loss of ag[rlutinabilit\ In illcu serum 

Lo\dt, while becoming generilb more hi"hb agaliitinable is not now touched 
In Sham scrum, but has icquired a‘i<;lutmab!lit\ b^ Bahadin Shah serum 

iS/aiic IS an orsz inisiii which for o\ era a e ir deposited heaaih in broth m twenty- 
four hours leaaing the supcinat iiit fluid quite tleir a characteristic which was 
onh noticed in a few striins one of them being /?r; in Ilaial (No 11), obaiously 
closch related to Shav The latter was at first agglutinated to a certain degree 
Ip Z serum, ind aervslighth b\ f and Y sen but latoi lost all agghitmability 
except In the homologous serum and b) Bam Ilauil That this was not the same 
^generd loss of aeglutmabilit} as wassfiown b> Allen is proaed by the fact that 
Shaw serum had throughout a titrc of 1 — 5,000, which has only fallen since the 
second test noted m the table Shaio then gradually ceased to deposit, until 
noaa it giacs a uniform suspension in broth and this change has been arcompanied 
b} the groaath of agghitmability b} Ih serum 

Absorption tests hiae not yet rcamalcd the true nature of Shaw, but it is 
obaious that in the case of this organism, as aaitli Lovell, the ‘ percentage titic ’ 
method of classification fails to place it m its type Loielt by this method is of 
the Y type, but is proamd bj absorption to be a IF t^pc Shaw would at first 
have been labelled a Z type, and now a TF t) pc 

Some of the results obtained in the serological iiiv estigation of these strains 
might be partly explained on the assumption that there aic group and specific 
phases of B flexnei Or it may be that at least some/exnei stiams arc convertible, 
under circumstances not determined, into any or all of the different types, that 
some portions of the mosaic of antigens may'^ be latent and capable of stimulation 
flexnei strain was in three instances isolated from two members of the same 
family, and the organisms of each pair w'Cie so closely related, as judged by agglu- 
tination tests, as to suggest that they are the same organism in different stages of 
agglutinability Strain 27 (Connell, I) is agglutinated by Allen serum, strain 6 
(Connell, II) is not, otherwise they arc identical Strain 20 {Hendricls, I) as strain 
49 (Hendncls, II) become more wudely agglutinable, and the same may be said 
of strains 5 and 25 {Lockett, I and II) 

One fact has been noted in preparing high title agglutinating sera against 
locally isolated strains of B flexnei Then titrc falls more rapidly than does that of 
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sera made against type strains procured from the E A M College, London, which 
have heen subcultures in laboratories for some years If the agglutinogenetic 
powers of an organism are a measure of the protective bodies it is capable of 
stimulating when employed as an antigen, it appears that a well-established 
laboratory strain vull be more siutable for inclusion in a prophylactic vaccine than 
will a strain recently isolated 


An oral vaccine 

The vaccine as finally decided upon was an emulsion containing B flexner V 
and W, and the four local strains Allen, Baliadm Shah, Lovett, and Shaiv in equal 
quantities It was made by washing off agai in saline, killing at 70°C , and preser- 
ving in 30 per cent sterilized glj'-cerine 

The vaccine was given in two doses of one ounce each, each dose containing 
90,000 million orgamsms in all, or 15,000 million of each strain, and was taken in 
the early morning two hours before breakfast, the only nutriment allowed being a 
cup of tea, with the idea that this would wash the emulsion more quickly through 
the stomach 

This method was chosen as the result of ammal experiments m which it gave 
the greatest protection 

No reaction was ever complained of by any of the one thousand volunteers^ 
who have received the vaccine, beyond slight discomfort experienced by a very few 
This was described as a feeling as of very mild colic which began within an hour 
of swallowing the first dose, quickly passed oft, and was not followed by diarrhoea 
In two cases only was there any severe reaction, two volunteers being seized with 
violent colic and purging for some hours after their first dose They had attended 
a regimental guest night on the previous evening, from which it may be argued 
that alcohol should be partaken of only sparingly on the mght before the vaccine is 
taken In neither case was there any reaction after the second dose 

Children from the age of four years upwards have received appropriate doses 
with the same absence of reaction 

The disadvantage of this vaccine is the length of time it takes to make suffi- 
cient foi any large quantity of men, and this is especially felt in a laboratory w^hich 
has to deal with the routine ivork of several hospitals It will be noticed that the 
number of organisms in two doses of vaccine is nearly fifty times greater than 
that in the 1 5 c c of T A B vaccine which constitute the usual twm anti-typhoid 
inoculations 

\ The cost is much smaller than that of Besredka’s bilivaccin, being only 3 19 
aniihs for the tjvo doses, as compared with Ee 1, but this is the price of media, 
kerosene for autoclaving, etc , only, and a method of cost-accounting w'ould 
undoiTOtedly find it to be considerably higher than this sum 

ItVas unfortunately not possible to try the vaccine on any appreciable number 
of men rintil July 1927, when the dysentery season was in full swung, and then only 
128 niem^ could be given it 
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This nunibpr of course is much too snnll n one on ivliich to Iwse any conclusions, 
hut it IS \\orth rccordiiiR that the lesults to date in the unit from which these 


loluntccrs came are 

as follows — 




Itlini'-'iion to liospitnl 

^0^ l ACCINATri) 

VACCI^ATrD 

Number 

I’tr cent 

Number 

i 

Per cent 

1 

Sicilian dvsentorN 

r 

3 27 

1 

0 75 

1 

Ilinrrhrt'n 

n 

1 77 

0 


Total 

37 

5 04 

1 

0 75 


0\er one thousand loliintcers, Britisli and Indian, haic receued this oral 
\accine since Juli 1^17 hut siifiicient time has not elapsed to allow one to ]udge 
whether anv imimimt} Ins followed except in the unit quoted, and there the 
occurrence orf one or two cases amongst tlic small number of laccinated would 
completeh upset the figures 

It w ns pointed out bt tlie Officer Commanding this unit that the human clement 
introduces what is probabh a \eri real source of error into the consideration 
of results of preiciitne treatment where the treated are volunteers , especially so 
when as here, the immediate elTects of the treatment are in considerable doubt 
The men who aolunteer in such a case arc the cheerful, healthy type, who would 
probabl} be less likeh than others to succumb to infection, and are therefore 
likely to gne a false picture of success to a vaccine which may have given them no 
protection whate\er 

In the aminai eviienments, we did not find that feeding rabbits with large 
doses of an emulsion of either B Jlcxno or B shign w as follow ed by the appearance 
of agglutinins in the blood 

A further report on this oral vaccine wall follow 


SUAIMARY 

1 Over mnety per cent of d} sentenes in the area examined w ere bacillarv 
infections, and in ninety per cent of these the oiganism responsible was B digsentencp 
flexner Less than ten per cent were caused b}’’ E InstoJyfica 

2 Over ninety per cent of positiie cultures can be obtained fiom bacillary 
dysenteries if the stool is plated within half an hour of passage After the stool 
was more than three hours old, only forty per cent of successful cultures was 
obtained 

3 B flexner appears to persist m the stools much longer than does B sJnga in 
efficiently treated cases 
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i Fewer errors of diagnosis would be made if cases in wbich the mucus was 
acid were tieated as amoebic dysenteries, and all others as bacillary dysenteries 
This IS a suitable test for practitioners wbo have not access to a microscope or a 
laboratory 

5 ‘ Green diarrhoea ’ in children is frequently caused by B flexne^ 

6 Many amoebic d 3 ''senteiies are probably cases of chrome amoebiasis lit 
up by an infection nuth a dj'^sentery bacillus 

7 Giarcot-Lej’-den crystals are not indicative of amoebic infection in infants 

8 The agglutimns produced during an attack of flezne) dysentery are not 
specific to the type of the infecting orgamsm 

9 B flexnei W appeared to be the predominant type in the locality but the 
‘ percentage titre ’ method of typing does not always lead to a correct classification 

10 An oral vaccine, consisting of an emulsion of different types of B flexner 
m saline and glycerine, and admimstered in a total dosage of 180 000 million 
organisms, has given satisfactoiy results in an extremely limited trial It failed to 
produce agglutimns in experimental rabbits, as did a similar trial with a B shiga 
emulsion 

We vish to express our very real appreciation of the willingness with which 
a large number of the staff of several military hospitals helped us in this investigation 
m supplying details of cases and in ensuring that all material reached the hospital 
as fresh as the means at their command would allow 

Table VI 
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THF. CO^rPO.SlTlON' OK UHIXAHY CALCULI 


Ar \JOR CLIVE XEV COMB dm r i c , i m s , 


\MT» Tin TI CIIMCAI OF 

S BAXGAXATH \N, « a a i i sc , 

From the Nutnlioual Ecscaicli iMbowtorie'^, I Ji F A , Pasteur InsMulc, 

Coonoo), S I)uh(i 


[Ilcccircd for publication, Sopttmbor 23, 1029 ] 

In 3 pre\ ions ic])ort(l) in connection Mitli tlic iin cstigation into stonc-in-tlic- 
biacldcr in jirogicss in these l.ilioratoiics the results of the anal} scs of the first 100 
of thchu'inn stones collected were gu on The icniaining stones (an additional 12C) 
ha\c now been ainhsed ind iic reported in this ji.iper Of the 226 stones, 221 
were 3 epical and o renal The httci foiin a separate class uid a short note on 
their composition is included The 221 \osical stones foini an extensne senes 
from all paits of India and affoid material for a detailed discussion of the 
general composition of such stones in India AA ith each of the stones a 
medical-dietctic lii':tor> of the case has been received but the discussion of the 
relationship of such factors as age, sex, diet, etc , to the composition of the 
stone is resened for a subsequent papei 

MlTHODS or ANALYSIS 

Eor the laigc stones ( 18 in addition to the 100 prei lousl} i eported) the method 
of anal} sis used was that desciibcd in the picvious lepoit The icsults for each 
stone are gu en in Table I 

The remaimng stones (73) w eie too small foi this method to be used convementh 
ind a micro-scale method was woiked out and has been desciibed in detail m a 
separate paper(2) Foi the small stones this micio-method was used and the 
results lor each stone aie given in Tabic II 

It will be noticed that m these smallci stones there are on the aveiagc nioie 
oxalates and correspondingly less nitiogeii 

( 1037 ) 
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The Composiho7i of Uii7i07y Calculi 
Table I 
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Table II — contd 
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0 
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TfSTE VyK^ STOOT 
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The genfuai composition of the stones 

The a\ erage composition of the 221 % osical stones is sliown in Tabic III 

Table III 


Showing the mean eomposihon of (he 221 vesical stones 
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per cent ' 

Standard 

dcMntion 

^ Median 

1 per cent 

1 

Moisture 

72 

87 

1 i 

' 37 


N 

17 9 ' 

11 0 

19 7 

[ 

1 


VO, 

69 

10 8 1 

3 3 



CaO 

14 0 

i 

11 9 1 

114 

i 

1 

1 

ns percentages 
L of the dry 
stone 

JIgO 

20 

; 1 

3 1 

indeterminate 



CO, 

1 1 

t 14 0 1 

1 1 

1 1 

13 2 

86 




1044 


The ComjoosiUon of Uti'}iaiy Galcuh 


The distiibutions of the varioiis constituents of the stones aie show n in diagrams 
1 to 6 These distributions are vcr)’- asymmetrical and for the most part approach 
a J-shape In consequence a large error is made if the means are calculated from 
grouped values unless the grouping is made very fine The one exception to a 
more or less J-shaped distribution is the total nitrogen ivhich is definitely U-sbaped 
This means that stones tend to have eithei a lot of or a little nitrogen and 
stones with an average amount aie less common In othei words stones tend 
either to be urate or non-urate — ^though the majority of the stones have some 
uiic acid or uiates in them 


Diagram 1 Diagram 2 







Frecjw^ncy pe'"', 
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The Composzhon of Urinary Calculi. 


DiAGRAJr 5 


DlAGRAJr 6 



30 and 35 per cent , tlie second is probably due to magnesium ammonium phosphate 
and correspondSj^to the ri'C j the MgO curve between 20 and 30 per cent. 

V 
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The miure of the compounds, into ^\hltll such constituents as have been 
determined arc combined, is indicated b) the associations betii ecu the constituents 
Using the capital letters AV, K, P, C, j\I and 0 to nitan the stones containing more 
than the mean amounts of vater, nitrogen, phosphate, calcium, magnesium and 
oxalate, the associations bcti\een these constituents arc shoun in Table W 

Tiimr I A’ 


As‘ioci(thons bclncai cousliltients tn 221 icsicaJ s/o?)cs All fosilive classes 

Classed fiom 7neans 


w 

Gfi 

W N 

IG 

W \ P 

8 

W X P C 

0 

K 

118 

W 1> 

52 

W N C 

0 

W X P M 

8 

V 

G2 

W C 

3G 

W N M 

11 

M X P 0 

1 

C 

93 

W M 

48 

W N 0 

1 

W X C 51 

0 

M 

50 

W 0 

22 

t\ P C 

31 

W X C 0 

0 

0 

83 

N P 

10 

W P M 

45 

t\ X 51 0 

1 



N C 

G 

M P 0 

17 

5\ P t 51 

24 



N M 

I 1 

M C M 

24 

5\ P C 0 

10 



N 0 

10 

M C 0 

21 

M P 51 0 

13 



P C 

38 

t\ M 0 

13 

5\ C 5t 0 

12 



P M 

45 

N P C 

0 

X P C 51 

0 



P 0 

23 

X P M 

8 

\ P C 0 

0 



C M 

24 

N P 0 

1 

X P 51 0 

1 



C 0 

7G 

X C JI 

0 

X C 51 0 

0 



51 0 

13 

X C 0 

5 

P C 51 0 

12 





X JI 0 

1 







p c jr 

24 







P C 0 

0'> 

5V X P C 51 

0 





P M 0 

13 

5V X P C 0 

0 





C 51 0 

12 

5V X P 51 0 

1 







5V X C 51 0 

0 







55^ P C 51 0 

12 







X P C 51 0 

0 







W X P C 51 0 

0 
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The Composition of Unnaty Calculi. 

Association coefficients of constituents of 221 vesical stones 



i By 

gronping 

from 

means 

By 

grouping 

from 

j medians 

W N 

— 0 72 

1 

—0 71 

1 

W P 

1 

+0 07 

1 -f-0 93 

w c 

-to 36 

! +051 

1 

W M 

j +0 90 

1 

1 

W 0 

1 —0 19 

1 +0 08 

N P 

j —0 84 i 

—0 80 

N C 

1 —0 98 

—0 95 

N 

' —0 64 


N 0 

—0 87 j 

—0 8] 

P C 

+0 60 ' 

1 

+ 0 60 

p Br 

+0 98 


P 0 

— OOS ! 

1 1 

-f 0 20 

C M 

+ 0 16 1 


C 0 

. +0 95 j 

+ 0 94 

M 0 

—0 38 , 



I'hc following deductions may be made fiom these associations — 

1 Stones with a large amount of phosphate have a large amount of moisture 
in them and mate stones have but little 

2 Nitiogeii IS negatively associated uith all the othei constituents, that is 
to say fox the most paxt the nitrogen exists m some form uncombmed with calcium, 
magnesium, etc , and presumably as uric acid The negative associations of the 
nitrogen vith magnesium {NM — 0 64) and to a lesser extent with phosphate (NP — ■ 
0 84) aie less maiked than with calcium (KC — 0 98) , indicating that in stones 
uhich contain magnesium this is present in combination with nitrogen and phos- 
phates piesuniably as magnesium ammomum phosphate {vi) 

3 The association of oxalates uith calcium is very maiked (CO = + 0 95) 
and pel coni) a the association of oxalates uith the other constitimnts is negative or 
insignificant) meaning that the oxalates exist as calcium oxalate 

4 The Vnagnesium is markedly associated with phosphates (PM == + b 9S) 
and less negatkmly associated vith mtrogen than the other constituents indicating 
that the magnesnim exists as magnesium ammonium’^phosphate (d s ) 



Q Ncu'comh avd <S Rovgavaihati 


1049 


These conclusions nrc coufuincd by the relations between the constituents in 
the averngo stone {v Table III) If the 14 0 per cent of CoO-j is calcium oxalate 
it uill be united uitli 10 0 per cent of the CaO, leaving 4 0 per cent If this 4 0 
per cent CiO is united uith PjOr, to fonii Cai(P 04)2 it will account for 3 38 
per cent P 0 O 5 If the ‘2 per cent of MgO is in the form of Mg NH 4 PO 4 it will 
account for 3 55 per cent PjOr, The actual percentage of P 0 O 5 is 6 9 and 3 38 + 
3 55 = 093 so that the uhole of the phosphate is accounted for The above 
calculation is onh tiue for the ai ernge stone If it is made for each stone separately, 
generalh the phosphate is adequately accounted for as Ca 3 (P 04)2 and 
MgNHjPO) but in some stones there is an excess of P 0 O 5 and m others a 
deficienci This is probabh due to the existence of other phosphates of calcium 
in the stones besides Ca 3 (P 04 ).<, and of other calcium compounds In some of 
the stones a small percentage of carbonate uns present this is presumably in 
the form of calcium caibonate In most of the stones there is some sulphate 
which llla^ nell be m the fomi of calcium sulphate 

Reasons u ere gn cn m the prci 1011 s report for considering that on the average 
about 1 per cent of the nitrogen is in the form of protein A little is m the form 
of ammonium and to correspond to 2 0 per cent of MgO in the form of magnesium 
ammonium phosphate 0 35 per cent would be needed Subtracting 1+0 35 
per cent from the total nitrogen 111 the aacrage stone (17 9 per cent) leaves 16 65 
per cent of nitrogen as uric acid 

The approximate composition of the a\ ernge stone is therefore — 


Calcium oxalate 

24 9 

Calcium phosphate 

74 

iMag amm phosphate 

69 

Protein 

62 

Uric acid 

49 7 


96 1 

Difference from 100 

49 


The unaccounted for residue is due to carbonates and insoluble ash in a few' 
stones, a trace of sulphates m most of them, water which is not driven ofi at 100°C , 
sodium, potassium, hydrogen in combination with nitrogen, and other undetermined 
substances 

Classification 

In the previous report following the usual practice the stones w'ere classified 
into urate, phosphate and oxalate stones and mixtures of these Amounts of 
phosphates and oxalates below 1 per cent were neglected and the murexide test 
was used for deciding if stones with only a little mtrogen were to be classed as 
contaming some urate or not The results of classifying all the vesical stones by 
this method are shown in Table V 

J, MB 


6 
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The Gom'posiUon of Ur mm y Cnlcuh 


Table V 


Chis‘<ificahon as foi fiisl 100 



1 

' U 

( 

1 

P 

1 

0 

\ 

1 

1 UP 

uo 

1 PO 

t 

1 UPO 

i 

! Total 

X W F P 

1 

4 

1 

1 

1 

2 

1 

1 ^ 

11 

1 

2 

1 

I 

{ / 

11 

Punjab 

4 

0 

1 

6 

, 0 

I 

0 

1 

*) 

1 24 

United Pio\ inces 

2 

0 

1 ' 

1 ^ 

23 

b 

10 

) 

44 

Central Provinces 



i 

1 1 

1 

2 

_> 

2 

7 

Bengal 



1 , 

' ' 1 

1 

2 ; 

0 

0 

Assam 

2 

0 

1 

2 

1 

3 

1 

22 1 

3 

33 i 

j 05 

Ajmeer Mecnvara 




1 

1 

] 



2 

Madras 

1 

1 

1 1 

1 



j 

4 ' 

1 

! 

6 

Bombaj 

1 1 

1 0 

0 

1 

1 

s 

4 

” 1 

2-) 

Behar and Orissa j 

1 

^ 1 


1 

\ 

\ 


I I 


1 

1 

Nepal 1 

t 

1 

1 

1 

1 

1 

1 


2 1 

2 

Hyderabad j 

1 

1 ' 

1 

) 

1 

1 { 

1 1 

] 

1 

6 

) 

16 

I 

t 

3 

8 ^ 

20 ' 

t 

7b 1 

23 

74 ' 

221 

_ 1 

Per cent | 

1 

6 8 j 

1 A 1 

1 

1 0 

1 

16 1 

104 , 

1 

m J 



Urate m 

187 

84 6 

per cent 

Phosphate m 

120 

54 3 

>> 

Oxalate in 

183 

82 8 

ft 


It will be noticed tbat onlj^ 26 stones out of 221 (118 pel cent) consist puielj 
of one of these substances The reinamdei consist of mixtuies, of which a mixtuie 
of mates and oxalates is the most common In 187 of the stones (84 6 pei cent) 
some urate was present, in 120 (54 3 pei cent) some phosphate and 183 (82 8 
per cent) some oxalate A mixed stone is the usual thing 

Another method of classifying stones is to group them according to then mam 
constituent It has been shown m the previous report that on the average 
1 per cent of the nitrogen is in the form of protein and the rest mostly uiic acid 
Foi a stone to contain 50 per cent or more of uric acid, theie must be +1=17 7 
pel cent or more per cent of nitrogen (Since uric acid contains one-third of its 
weight of nitrogen ) 

Similarly 50 per cent of calcium phosphate requires 22 9 per cent PiOs and 
more if mag amm phosphate is present, and 60 per cent of calcium oxalate requires 
28 1 per cent of C2O3 

Classing the stones m this way leaves but a small class of 40 stones in wdiich no 
constituent exceeds 50 per cent of the stone This classification is shown in 
Table VI. 
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Taiui \r 

Cln<infica(wn h/ oici 50 po cent of one con’^hltintl Nuinheis of stones 



Uric acid 

Phosphates 

Oxalates 

Jlixcd 

-1 L 

Total 

\ \\ r V 

r> 

! 

() 

7 

dl 

I’linjnb 

1 t 

0 

1 

! 

2 

24 

United Provinces 

!0 

I 

*> 

4 ' 

44 

Cintral Proviiicos 

1 

0 

1 

1 

7 

Bcncal 

0 

1 

> 

! 

0 

Assam 

I't 

"i 

Id 

0 

05 

\jmccr Mcerwara 

) 

u 

n 

0 

2 

Madras 

(1 

1 

1 

1 

6 

Bomliaa 

11 

1 

7 

0 

d5 

Behar and Orissa 

> 

0 

0 

1 

3 

Xepal 

0 

tl 

0 

J 

o 

I{\deralind 

i 

{ i 

0 

0 

i . 1. 

G 

\n 

118 

dC 

17 

1 ( 

40 

221 


Js pocrnitiqps of all the stones from each 'piovince 


N" M r P 

48 

10 

10 

\ \ 

2’^ 


Punjab 

u4 


I ? 

8 


United Provinces 

(.8 

11 

n 

9 


Central Provinces 

4! 


14 

1 41 1 


Bengal 


' 17 

(1 

j oO 1 


Assam 

no 

8 

18 

1 14 


Ajmeer Meerwara 

100 

1 


! 


Madras 


1 )1 

17 

1 ' 

I 1 


Bombav 

44 


28 

i ' 

24 1 


Behar and Onssa 

07 

1 

, j 


11 


Xepal 


1 1 

i , 


I 

I 100 1 


Hvderalmd 

, w 

f — 

50 

1 


i 

i 


All stones 

1 

' 51 

i 

1 

12 j 

} 

17 

, 

1 1— — 

18 
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The Composition of Uiinaiy Calculi 

The kidney stones 

Out of the 226 stones received in this laboratory in connection with this Inquiry 
only 5 were kidney stones The proportion must not be taken as an accurate 
measure of the actual frequency of the two kinds of stones in India since, as this 
was primarily an investigation into stone-in-the-bladder, kidney stones may not 
have been sent It does however reflect the common observation that, in India, 
stone IS very much moie prevalent in the bladder than in the kidney In Europe 
and America the opposite seems to be true, viz , that kidney stones are much more 
common than bladder stones According to Swift Joly(3) vesical calculus, though 
formerly common in England, is now comparatively rare , while the incidence of 
renal calculus remams about the same In seaiching such of the liteiature of 
stone as is available here, 71 quantitative analyses of kidney stones have been 
found and only 5 of bladder stones 

The five kidney stones form a class apart not only in their origin but in their 
composition They are all essentially calcium oxalate stones In only one (91) 
was any urate present and in that but little Their composition is given in Table 
VII So far as can be judged from 6 specimens the composition of Indian kidney 
stones IS not difierent from kidney stones in other countries They are however 
defimtely difierent from bladder stones, and statistically, the odds, so far as they 
can be estimated from these 5 specimens, are moie than 100 to 1 that kidney and 
bladder stones in India are essentially difteient in composition On the other 
hand Indian bladder stones are not demoiistiably difteient in composition fiom the 
5 bladder stones from other countries 

Table VII 


Composihon of the Kidney stones 


Stono number 

N 

P=o, 

CaO 

MgO 


Age 

no 

06 

1 08 

33 8 

0 

45 9 

43 

151 

09 

1 0 7 

34 9 

0 

37 0 

12 

53 

09 

i 1 

47 

36 6 

0 

35 1 

29 

154 

1 4 

12 8 

37 7 

16 j 

35 6 

25 

94 

5 5 

0 7 

30 7 

0 

44 8 

30 

Means 

.9 

; 39 

34 6 

0 3 

j 

39 7 

28 


The diagnosis of the cojiposition op a stone by inspection 

In stones consisting of only one substance a very good guess as to their com- 
position can generally be made by inspection If on the other hand the stone 
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consists of a mixture of substances, ns is iisunll} the case, it is much more difficult 
even vlien tlic stone is cut across and found to be layered An expenment was 
tried to see with what acenrnev a diagnosis could be made by inspection A series 
of tspical stones was put up and their exact composition given With this senes 
as a reference ^aTlous people were iskcd to diagnose the composition of another 
senes of 30 stones selected liapharard from amongst our collection The classi- 
hcation required was into uric acid or urates, phosphates and oxalates as the chief 
constituent The numbers diagnosed correctly varied from 12 to 22, and it must 
be remembered that if the diagnosis were made purely haphazard without any 
reference to their appearance one would expect on the average 10 right out of 30 
The surgeons who sent the stones to us often ollercd an opinion as to their composi- 
tion and were scarceh more successful than were the persons tried in our test 
It is difficult to decide what is to be considered a correct diagnosis It is obviously 
unrcisonablc to expect any one to distinguish 1 per cent of any constituent or 
c\en 5 per cent The most reasonable figure to take would seem to be about 20 
per cent, that is to sa\ that in classifj mg the stones amounts of any constituent less 
than 20 per cent should be neglected On this basis out of 99 stones in which the 
surgeon offered an opinion as to their composition he was right in 26, partly right 
in 24 and wrong in 49 In 59 of the stones the diagnosis offered was a single 
constituent and in these stones it may be fairer to assume that here an attempt was 
only made to decide the mam constituent, i e , the constituent forming more than 
50 per cent of the stone If this is the meaning, the diagnosis was right m 30 and 
wrong m 29 If one takes a diagnosis of one constituent to mean the main 
constituent and judges the diagnosis of two constituents to be right or wrong by 
neglecting constituents present to the extent of less than 20 per cent then in the 
whole 99 stones the surgeon was coriect m 36, partly correct in 4 and wrong m 
59 It IS quite safe to conclude that the diagnosis of the composition of a stone 
from its appearance is of very little value 


Summary 

1 In this paper and in the prcMOUs rcport{l) taken together the analyses 
of 221 vesical calculi and 5 renal calculi collected from all parts of India are given 

2 The approximate composition of the average vesical calculus is 


Calcium oxalate 24 9 

Calcium phosphate Y 4 , 

Mag amm phosphate g q 

Protein g 2 

Uric acid 4 g ij 

Other substances a q 


100 0 
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The Coinpobifion of U)inauj Calculi 

3 The vesical calculi showed gieat v.iiiixt-ioiib in coiniiositioii, and tlic 
irreat majority consisted of a niixtuic of substances the most common mixture 
being a mixture of urates oi uiic acid and oxalalcs (35 3 poi cent) In 84 6 per cent 
of the stones some mate oi uiic acid was jnesent Of the pure stones nne acid 
stones w'eie the most common (0 8 pei cent of all stones) 

4 If the main constituent of the stones m alone taken into considciatioii, 
then urate stones aie the most common (53 pei cent) oxalate stones next (1/ prr 
cent) and phosphate stones least common (12 pei cent) The leinaindci (18 per 
cent) being stones ivith no mam constituent 

5 The five kidney stones w ere all oxalate stones 

6 The deteiminatiou of the composition of a stone fiom its appcaiance is 
gciieially very inaccurate 
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A SERits of tMcnty-two uiin in tnlcuh, occurring in nhitc i.ite, Lept on various 
deficient diets!, liaie heen anal 3 scd and the results arc reported in this paper 
Tivcnt 3 ’’-one of these stones \\ ere \ csical and one was a renal stone 

The stones vere all \cry snnll in absolute weight [mean v eight (wet) 20 7 mg , 
range 3 4 to G6 0 mg ] but compaiatnely to the size of the animal, man) w'ould 
correspond to large human stones The smallness of the stones necessitated siiccial 
imcro-inethods of anal)sis nid the aiial}ticnl scheme adopted was tint described 
in a prciioiis paper {Newcomb, 1030) It was tairied out so far is the ainoiinf of 
material allowed The icsiilts aic shown m Table 1 The diets which the rats 
were icctning are gneu in Table 11 

T’Aimt I 


Showing the icsnlts of the (iiuilgsc!> of Hits’ stones, in percentages of dry stone 

(except nioi still e) 


Stone 

I'cr 


illoisture 

I 

i Total 

N 

PO, 

1 

CaO 

JfgO 

CO, 


Carbonate 

1 

1 

15 

19 

0 

7 


0 

+ 

-L 


5 

41 

~ 

U 


0 

+ 

4- 



■ 27 

1 

12 

— 

0 

? 

+ 


J 

25 

J 

7 


” ( 

r 
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Table I — concld 


Stone 

number 

Diet 

Moisture 

Total 

N 

P.0, 

CaO 

MgO 

c.o. 

Murexide 

test 

Carbonate 

Bladder 

Stones 










6 

F 

M 

8 

23 

1 



0 

+ 

6 

G 

38 

12 

34 

1 



0 


+ 

7 

A 

41 

15 

32 

+ 


1 

1 

0 

+ 


8 

B 

i (9) 

1 

16 

16 

1 

9 


0 

+ 

+ 

9 

C 

43 

5 

1 

23 

+ 

8 


0 

+ 

4" 

10 

D 

43 

1 

9 

48 

4 

25 

1 

0 

+ 

+ 

11 

F 

42 

1 

i 7 

28 

+ 

1 

15 

1 

4 

0 

4* 

+ 

12 

I 

38 


46 

8 

22 


0 

+ 

4* 

13 

1 

A 

43 

1 

7 

34 

1 

+ i 

14 


0 

1 

+ 

+ 

14 

! 1 
1 

1 B 1 

1 

40 

7 

49 

+ ‘ 

j 

30 


0 

+ 

+ 

15 

D 

38 

5 

37 

+ 

22 


0 

+ 

+ 

16 

E 

44 

5 

46 

+ 

20 

j 

0 

' + 

+ 

17 

J 

40 

6 

32 i 

1 

11 

1 

+ 


1 

+ 

+ 

18 

K 

37 

1 

10 

19 

-h 

; 5 

1 

+ 

0 

+ 

+ 

19 

J 

42 

i 

5 

36 

+ 

: 17 


0 

+ 

4" 

20 

L 

i 

40 

6 

40 

+ 

10 

+ 

0 

+ 

4* 

21 

K 

41 

6 

41 

+ 

10 

+ 

0 

+ 

+ 

Means 

- 

38 

8 

33 

I 

14 

4- 

0 

+ 

+ 

Ktdncv 

22 

r 

Stone 

1 

5 

1 

38 

1 2 

1 

9 

0 

~h 

— 
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The figures for the moisture total nitrogen and pliosphate are thought to be 
accurate to w ithm 1 per cent or so Tlic figures for the calcium, magnesium and 
oxalates must be t-aken more as indications of the approximate amounts present 
than as accurate determinations, cspeciallv the magnesium The figures for the 
last arc probably all lou 

Tabli II 


A 


B 


C 


D 


E 


r 


6 


Shniniu] the composition of the vaiious diets used 


hole wliLit flour 
Corn flour 
I iii'ccil mcnl 
I Calcium phoipliatc 
Sodium chloride 

( Oatmeal 
Corn flour 
Linfcccd meal 
Calcium pho-'phale 
I Sodium chloride 

j M hitc flour 
Corn flour 
Linseed meal 
I Calcium phosphate 
[Sodium chloride 

Whole \\ heat flour 
Linseed meal 
Calcium phosphate 
bodiiim chloride 


l’< r rent 
ai 
J'> 

20 

1 

1 


ai 

2 ") 

20 - 

1 

1 


S! 

2 "> 

20 

1 

1 


78 

20 

1 

I 


f\\ hole wheat flour 
I Corn flour 
I Linseed meal 
Calcium phosphate 
Sodium chloride 
Potassium ovalate 


Per cent 
C3 
24 
20 
1 
1 
1 


Oatmeal 63 

I insccd meal 20 

WOiitc flour (later changed to 
corn flour) 25 

Calcium phosphate 1 

Sodium chloride 1 


I feanit ns ‘ J ’ but with iodine, 

I 6 drops of a solution con 
I taming 1 milligram of iodine 
I in 1 litre of distilled uatcr 

I White bread 97 

I Dried a east 3 


'\\ hole wheat flour 
Linseed oil 
Calcium phosphate 
Sodium chloride 

/Whole wheat flour 
J Gingcllj oil 
I Calcium phosphate 
I Sodium chlonde 

I White flour 
a Olive oil 
fSalt mixture 


90 

}, f White bread 

1 1 Dried yeast 

1 


97 

3 


90 

8 

1 

I 

87 

8 

5 


+ 5 grains of slaked lime + 5 drops 
of a solution containing 1 milligram of 
iodine in 1 litre of distilled water 


Casein 80 

Olive oil 8 

N Salt mixture 6 

Cod hver oil 2 

Yeast 2 


We are led to this conclusion from a consideration of two analyses of the 
sediment which is deposited in rats’ urine on standing This can be collected in 
comparatively large quantities and is very similar to rat stones in its composition 
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The results of these two analyses by inacro-roethods aie shown in Table III The 
first was from the mixed urines of lats on vaiious diets and the second from 
rats on a high protein diet (Diet ‘ N ’ m Table II) 

Tabll III 

Showing the lesulls of analyses of two sechinenls fiom Hits' anno 



I 

IT 

Asli 

70 7 

65 4 

inattei 1>\ difference 

29 3 

44 6 

Isitrogcn 

4 2 

5 b 

ln‘»olubIo n<;li 

0 38 ] 

0 

CaO 

3 48 

9 3 

MgO 

23 20 

12 9b 

K.O 

' 2 38 

3 20 


41 80 

31 0 

SO^ 

0 

0 

Total ash accounted for 

71 24 

56 52 

('»o, 

3 25 

1 12 


The analytical figiues for both these analyses are consistent uitli the following 
assumptions — 

1 The oxalate is present as calcium oxalate 

2 The lemaimng calcium is present as calcium phosphate [Cas (Po 4 ) 2 ] 

3 The magnesium is present as magnesium ammonium phosphate 
^Ahen the micro-method uas tiied on a few milligrams of this sedmient the 

nitrogen and phosphate came out in agreement with the large scale determinations 
but the other figures were only apjiroximately in agreement, especially the magne- 
sium, which always came out too lorv 

The following points about the rat stones are notable — 

1 The bladder stones aie all essentially magnesium ammonium phosphate 

stones with small quantities of other substances of which carbonate 
is the chief 

2 The bladder stones contain very little calcium 

3 None of the stones contam uric acid or urates 

4 The one ladney stone is of very difterent composition to the bladder 

stones being essentially a mixture of calcium caibonate wuth a little 
oxalate 
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0 I’hc LKlnc\ stone <iccuiie(] on the onij diet to 11111011 slaked liiiic liad 

liptii iddcd 

The nuinhers of stones innljscd on the didercnt diets is lusuflicient for dctci- 
nnning am Inil 1 erj gro'JS connect 10ns hctii ecu diet and composition One associa- 
tion is to lie noticed thoimh its statistic d signihcancc is not lery definite (P =:7 
pci cent) vj/ , (h it the stones occniiing on a diet containing iilicat as opposed to a 
diet cont lining oatmeal hnic nioic nitrogen 

C'oinpanim these lat hi.iddci stones ivith Indian hinnaii bladdci stones 
(New coin!) the chief difieiences to b( noticed arc — 

1 In luiin in stones the most ooniinon constituent is uric acid 01 urates 

ind in these rat stones this is entirely absent 

2 On the ueiagc human stones contain 14 9 pei cent of OaO and it) 

jier c out of 31 gO u Ink lat stones contain 1 1 per cent of CaO and Id b 
per cent of "MgC) 

d Human stones contain inucli o\aiatc and little carbonate and lat stones 
much larbonite and little oxalate 

1 Hat stones contain much 11101 e PsOs than human stones 
V conijiarison of the mean comiiositiou of buman and rat lesical stones is 
gnen in Tabic IV 


Table IV 


Giving II coinpunson hrliiccn (he diciagc composthon of ml and human vesical 

sloncs 1)1 India 



Moisture 

-N 

1*0. 

. . .1 

1 

I 

CaO ; 

MgO 

ao 

Rat stonc« 

37 8 

8 I 

( 

1 

33 1 j 

1 

11 ! 

i 

13 8 

0 1 

Human „ 

7 2 

i 

1 

17 <) 

1 

0 9 1 

i 

U9 

20 i 

1 

HO 
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% 

Introduction 

The original purpose of the investigation with which this paper deals was to 
determine the effect on the th3'roid gland of a diet ha^^ng a low content of 
iodine But as the work progressed it took on a wider aspect, hence the title of 
this paper 

Within recent years a number of attempts have been made to determine the 
effect on the thyroid gland of diets having a low iodine-content 

‘McClendon and Williams(l) (1923) performed experiments on rats in which 
they state that the iodine-content of the dry food was less than 120 parts per 
billion More accurate analyses later show ed it to contain 10 parts per billion of 
iodine The rats receiving this low-iodine diet and distilled w ater deve- 

loped goitre, whereas control rats receiving the same diet and water contaimng 0 01 
per cent of iodine had normal thyroids ’ The size of the thyroids in the former 
group was approximately twice that of the latter 

More careful experiments were made by Hayden, Wenner and Rucker (1924) 
(1)(2) These observers used a diet consisting of 53 parts of oatmeal 25 parts of 
patent flour, 20 parts of Imseedmeal, one part of calcium phosphate, one part of 
sodium chloride, and distilled water ad libitum Rats fed on this diet developed 
goitre ‘ within a few weeks,’ while control rats fed on the same diet but receiving 

( 1061 ) 
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distilled water containing 0 1 mg of iodine pel litie, remained liee fioni thyroid 
enlaigement The size of the thj’Toid m those iihich leceived no additional iodine 
was approximately twice that of those which leceived iodine The difterence in 
size of the gland in the two groups was deteimined by weight Twelve rats weie 
used in the expeiiment, and the glands weie removed at different intervals up to 
60 days during the coiuse of the experiment No histological study of the thyroids 
appears to have been made , or if made, and reported the records are not available 
in this Institute This ‘oatmeal diet’ uas stated to contain only 9y of iodine 
pel kilogram of the dry food 

Helens and E,oberts(3) (1927) ‘ have also found that the thyioids of animals 
fed on deficient iodine shou enlaigements up to three times the normal size 
Histologically, such glands were with one exception not found to be definitely 
pathological being in the main of the simple colloid type of enlaigement ’ — an 
interesting observation since compensatory hyperplasia of the thyroid is assmned 
to be ‘ immediately dependent upon a relative or absolute deficiency of iodine ’(4) 

‘ In one or two cases a marked degree of hyperplasia w^as also showm the glands 
thus being of the actively secreting type ’(3) ‘ The thyroids of w’^hite rats fed '’or 

some months on a diet of white bread and a little milk were also twice the normal 
size, and in one case consisted partly of a congested hyperplastic area, and partly 
of a group of very large acini filled wuth dense colloid mixed with cells ’(3) ‘ In 

all cases the lodine-conteut of the gland, in milligrams per gramme, was abnoi* 
nially low ’(3) The lodme-content of the foods used is not stated in the paper (3) 
fiom w'liich these details are taken 

In all these experiments the diets used were faulty in other regards besides 
then low content of iodine The results do not, therefore, provide evidence of the 
eftects on the thyroid gland of partial deficiency of iodine pei se Nor do fhey 
afford definite evidence that the goitres arising during the coruse of the experiments 
were due to the direct action on the thyroid gland of lodine-deficiency They do, 
hoAvevei appear to show that w'hatever may have been the cause of the goitre, a low 
intake of lodme favoured, while the additional provision of iodine counteiacted its 
action 

In all attempts to ascertain the effects on the thyroid gland of lodine-deficiency 
pe) se, there is always this problem before the inAmstigator the devising of a diet 
which while sufiiciently low in iodine will not also be lacking in other elements and 
complexes necessary for normal nutrition Up to the present no such diet has been 
devised, and imtil it has, and until its action has been tested under carefully 
controlled conditions on a suf&ciently large scale, the eftects of lodine-deficiency 
pe) se on the thyroid gland must remain unknowm It is not uncommon to 
come across, in cui lent medical literature, statements to the eftect that ‘goitre is 
due to absolute or partial deficiency of iodine ’ oi that ‘ depiived of an element 
necessary for its normal functioning the th’S’xoid gland undergoes compensator}' 
hypertrophy’ (5) Such statements aie not strictly m accoid ivitli the known 
facts There is no. such thing as absolute deficienc} of iodine in the diets 
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cusloimrih (on'^iimcd )>v ni.inkuul whilo is nulic.iterl above the effects 
of lochnc dcricienc\ })c\ se on llic tluToul gland me as yet unknown, as also are 
its effects on the l)od\ ti‘^‘^uos gonoi ill> Deficiency of iodine relative to certain 
SToitngcuoiis agencies is ho\\c\ci a diflerent matter, and it is here that an 
abnorniaUv lov, intake of iodine maj be of impoitance m regard to the genesis 
of ‘ goitre ’ 

The experiment of Ha'S den, onnei and Eiickcr vas repeated in this laboratory 
on a scale snflicicnth large to make statistical analysis of the results possible 

Composition of the experimental diet 

The iiigiedunts of the diet and the projioitioiis in which they were combined, 
were the saiiu is in the experimental diet used Ip Hi} den, '\^ enner and Eiicker , 
blit the sources fiom which tlie ingredients were obtained were, of iiecessiti , 
different A difference in the iodine content of the diet, as used In these observers 
and as prepared m this laboiaton w is tbeieforc to be expected , though it 
was not expected to be so great as it pro\ed to be The composition of the 
diet IS shown in Table I together with the source from winch each ingredient 
was denied Tts chemical composition is gneii in Table II The diet is 
markedly deficient in Mtamin A 


T inni I 

ShoMinij the co)iiposiltOii of the cj-pouneiital diet ami the ^oince of 

each ingicdicnt 


In'Tethent 

Parts 
pir lOO 

Source 

Coarse Scotcli oalmeal 


V \kd tins Cro'.se and Ulaik 
udl I ondon 

Patent t orn flour 

2'y 

Scaled tins Broun and PoKon, 
Pnvle\ 1' upland 

Linseed meal 

20 

1 reside eiound seeds lladins 

Sodium Chloride (pure) 

1 

Riedel Berlin 

Calcium Phosphate (pure) 

1 

Mar and Bal er I ondon 

Distilled unter 

ml lift 

1 reshh distilled daih from local 
supph 

lodi/ed dwtilled water 

ad Uh 

\ 
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Shoioing the chemical composition of the exjieu mental diet . 



Pl:EOE^TAGE 

Constituents 

Expressed 
on original 
sample 

Expressed 
on moisture 
free sample 

... 

Moisture 

20 50 


Mineral Matter 

5 73 

7 20 

Ether Extractives 

10 45 

13 14 

Crude Protein 

9 705 

12 20 

Crude Fibre 

1 06 

1 32 

Cnrboh} drates 

52 655 

66 08 

Totai 

100 000 

100 00 

Albuminoids 

9 36 

11 77 

Insoluble Mineral Matter 

0 37 

0 465 

Soluble Mincial Matter 

5 36 

. 

G 735 

Total 

5 73 

72 

Soluble Silica 

0 0363 

0 0456 

Phosphoric Acid (P„0^) 

1 451 

1 82 

Iron Oxide (Fe Oj) 

0 046 

0 058 

Alumina (AEOj) 

0 366 

0 462 

Mangano Manganic Oxide (Mn^OJ 

0 0014 

0 00176 

Limo (CaO) 

1 08 

1 38 

Magnesia (MgO) 

1 05 

1 32 

Potassium Oxide (K^O) 

0 21 

0 264 

Soda (Na 0) 

0 904 

1 13 

Sulphuric Acid (SOj) 

0 19 

0 23 

Undetei rained 

0 025 

0 024 

Total 

5 36 

6 735 
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The lodinc-content of this diet iviis estimated by tlic method of v Fcllenberg 
on three occn'^ioiis On first nnnlv'^is it was found to lie 20y per kilogram of the 
dri food Subsequent amh ses Molded higher figures — 125 and 160y— and these 
are regarded as being nearer the truth though probably on the high side as judged 
bv the urinary excretion of iodine b\ lals fed on the diet {vide tnfra) It contained, 
how e\ or considerabh more iodine than ‘ly per kilogram , the amount said to 
be present in the diet used In Ilaadon, AVenner and Rucker Thcaariation in 
lodine-contcnt of a food-material, such as oatmeal, is known to be considerable 
iiid to depend to ■some extent, on its place of oiigin Thus in ]Minnesota(l) 
oats arc^said to contain oiiR lOy of iodine per kilogiam , in Storis, Conn 23y (1) , 
111 Wiscosset IMe 175/(1) in FavctteMllc, Ark , 3,110y (6) , m Faigo, N Dak , 
1,330/(0) and in "Wibaux lllont 5 800/ per kilogram of the drj material(6) 
Fresh oatmeil m Germiin(7) is repoitcd to contain lly of iodine per kilogram 
and in Row Zealind 30y(3) It iua> be theiefoie, that the Scotch oatmeal used 
in this laboritor> wis considcrablv iicher in iodine than that used bv Hayden 
Weniicr ind Rucker iiid that the other ingredients of the diet xaiied in the 
same w n 

V consider iblc cxiicnencc of iodine tstimations in foodstuffs, hi the method 
of X rellenborg(O) has caused us to have graxe doubts as to their acciiracv when 
the amount of iodine present is less than lOOy per kilogiam of the diy material 
The estimation of iodine in urine is not fraught with the same technical difficulties 
and fallacies ind we consulei that 20y per litre can be estimated with comparative 
accuiacx Vccordinglx , we have abandoned the estimation of iodine m the 
expeiimental diets used for thxroid work in this laboratory, and liaxe adopted the 
concciitiatioii of iodine in the urine ns an index of the lex el of lodine-metabolisni 
This index fuiiiishcs i reliable nuineiical standard xvherebv to gauge the effect on 
the thxroid gland of dificrent lex els of lodine-metabolisni, and a means of com- 
paring the lesults obscived in laboratory experiments with those obtained by 
estimation of the concentration of iodine in the uiine of goitrous and n^n- 
"oitrous human beings 

Urinary excretion of iodine by rats fed on the experimental diet 

Foi the purposes of this estimation four prexiously w ell-fed rats, of an ax era»e 
bod} -weight of 168 grammes, were used They were taken from stock, traiis- 
ferred to metabolism cages, and led on the experimental diet and distilled 
water A.fter the lapse of several days, to permit of lodine-equilibriiim beinf^ 
established on the nexv diet, the 'concentration of iodine in the urine was 
determined each day lor seven consccutixe davs The results are given in 
Table III 

The axeiage unnaiy excretion of iodine per rat per day was thus found to be 
0 033y per c c , or 33y per hire, in those receiving the experimental diet imilmit 
wdized water 


J, MR 


6 
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Table III 

Shomng the tcnnaiy exaehon of lodtne by 4 misfed on the ex 2 JenmentaJ diet 


Day 

Volume of 
urine c c 

V 

of iodine in 
total urine 

y 

of iodine per 
c c urine 

1st 

32 3 

1 75 

0 056 

2nd 

42 0 

1 5 

0 036 

3rd 

46 4 

1 75 

0 038 

4th 

65 4 

1 75 

0 032 

6th 

50 9 

08 

0 016 

6th 

60 2 

1 3 

0 022 

7th 

39 4 

1 2 

0 031 

Average per rat per day 

11 4 

0 36 

0 033 


The iodized water used in the first expeiiinent contained 0 1 mg , oi lOOy, of 
iodine per 1,000 c c Of this the animals drank on the aveiage 10 c c daily or an 
ingestion of ly of iodine additional to that piesent in the expeiimental diet It 
has been found, in this laboiatoiy, that of the iodine administered as such approxi- 
mately 60 per cent is recoverable from the urine , so that of the ly of iodine ingested 
as iodized u^ater, 0 67 would appear in the mine '\Ahth an average excretion of 
11 4 c c of urine dady this would amount to 0 052y per c c , 01 52yj^el htie The 
latter figure, added to the dSy jjei htie excreted liy rats not receiving iodized water, 
makes the average urinary excietion of iodine by rats fed on the experimental diet 
with iodized water equal to 85y htie 

The iodized water used in the second experiment contained 10 times as much 
iodine as that used in the first The urinary excretion of iodine by the lats uhirh 
received the experimental diet u ith this iodized water is estimated to have averaged 
559 jiei* hire 

The urinary excretion of iodine by well-fed stock rats in this laboratory, 
amongst which goitre is unknown, is from 56 to 85y pel htie 

It IS of importance in connexion with the experimental results, presently to 
be recorded, to compare these figures Avith those recorded for goitrous and non- 
goitious persons in various parts of the world 
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Unnani cxcrrhon nf toihiir n; y jjei hl)c 



Non roiTnoi s 

1 

I OoiTRons 


1 1 U'iONS 

1 ^nso^9 

1 


lifitiso 

\\ ertme 

1 

tverage 

♦ Snit7crlnnd(dl) 

10— 72 

42 (I 

1 

2 0—10 3 

12 

• Itnh(’l) 

20—07 

IS 



* NonTav(21) 


115 

4—93 

35 8 

* Oslo(22) 


115 


20 2 

Xew 7en1and( !) 

1 1 -7S4 

40 

75 

25 


From these figures it is ‘^een that the urinar\ cxeretion of iodine (SS-y per hire) 
by rats fed on the expcninontal diet nilliont iodized uatc) falls nitliin the range 
recorded, in these localities foi goitrous persons, while that (83'/;; e? hire) of 
rats fed on the same diet uilh iodized ualer is well abo\e the average for goitrous 
persons So far, then, as its iodine content or nioie properly, its capacity to 
sustain lodine-inctabolisni, is concerned the experimental diet with and without 
the addition of iodized water, simulated closely the diets in use by non-goitrous and 
by goitrous persons in certain parts of the world We are, therefore, in a position 
to learn, from the following experiments the cffcct-s on the thyroid gland of levels 
of lodine-nietabohsm similar to those of goitious and non-goitrons persons But 
since the work of j\IcCarrisoii(8){10), Marine(ll), Lenhart(ll) Gaylord(12), 
SasalnflS), Burgct(14), and others has established a connexion between insamtary 
conditions of life, and thyroid enlargement, it was necessary to examine the 
effects on the gland of these levels of lodine-metabolism under tw o distinct condi- 
tions of life (a) hygienic and (b) unh% gienic 

The experiments 

Two experiments, involving the use of 180 animals, were carried out the 
first m the summer months of 192G , the second in the summer months of 1920 

The ammals used were white rats from non-goitrous stock whose diet 
w as not poor in iodine The possibdity of inherited goitrous taint, or of increased 
susceptibility to thyroid disease consequent on the insufficient provision of iodine 
in the food piior to the commencement of the experuuents, was thus eliminated 
a very important precaution in experiments of this kind It is to be noted that 
the albino rats used m this laboratory are of a smaller variety than those used in 
nutritional laboratories in the United States of America and in Great Britain 

• Figures calculated from those given for dnl\ excretion of iodine on the assumption that the 
average daify excretion of urine is 1 5 litres 
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The ammals selected were aged between 40 to 60 days at the outset of the 
erperiments , those in the first experiment being the younger The sexes were 
equally distributed in the various experimental groups In both experiments the 
animals were caged in colomes 

Hygiene Some of the animals were confined in ‘ clean cages ’ under conditions 
of meticulous cleanliness, others in ‘ dirty cages ’ haiang wooden floors instead of 
screens) on which the excieta were allowed to accumulate and to contaminate the 
food and drinking vater The cages of the animals living undei clean conditions 
weie frequently sterilized by submeision in boiling water and by cleansing, in the 
intervening periods with antiseptic lotion Attendants removed, by hand, any 
fsecal mattei which adhered to the netted-vue screens forming the bottom of 
the cages Without minute attention to these details the influence of ‘ diit ’ 
in causing goitie cannot be excluded The rats were given no bedding since 
then tendency to eat the cotton-waste usually provided as bedding, would have 
introduced another factor which might have complicated the results 

Half the animals in each experiment were given distilled water and the other 
half iodized distilled water The former weie kept in one animal house the 
latter in another at a distance from the first Both groups had then ovn 
attendants feeding vessels, etc In these ways possible sources of ingress of 
iodine, into the food of animals not intended to receive it were eliminated 

First experiment . commenced 16-6-1926. 

In this expeiiment 120 young lats were used 64 females and 56 males Then 
ages at the outset of the expeiiment were between 40 and 45 days, and their iveights 
betueen 45 and 60 grammes They were divided into two main groups of 60 
the one received the experimental diet and distilled water , the othei the experi- 
mental diet and distilled water containing 0 1 mg , or lOOy, of iodine per litre " 
Each group was housed m four loomy cages 15 ammals, 8 females and 7 males, 
111 each cage The cages used were identical as to size (36" X 18" X 18") Thuty 
ammals in each gioup vere confined in screened cages and lived under the ‘ clean ’ 
conditions pieviously described , 30 in each group weie confined in cages having 
wooden floors and lived undei the ‘dirty’ conditions pieviously desciibed 
There were thus four sub-gioups as follows — 

1 Clean cages with iodine 30 aminals, 16 females and 14 males 

2 Dirty cages with iodine „ „ „ „ 

3 Clean cages without iodine „ „ „ „ 

4 Dirty cages without iodine „ „ „ „ 

On the 35th dai^ the 49th day and the 64th day of the experiment foui ammals 
fiom each of these sub-groups were killed, two males and tvo females, care being 
taken to select ammals of as nearly the same weight as possible — a desideratum 
which became increasingly difilcult as the experiment advanced The larynx and 


* Added to the water in the form of Lugol’s solution 
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traclicn Mitli the iittathcd lli}ioid ^^clc lemovcd from eacli animal Eight of the 
siiccmicns — tno fiom each sub-group — ^\\cro tiausfciicd to fixative for subsequent 
serial scttiomng The ilnioids of tlic icmaiuing eight uere dissected out, under a 
imgmfMiig lens and ueighed, ])iccnutions being taken to pi event drying The 
M eights of the tliMoids lemoaed on the 35th, the 'lOtli ind the C)4th days aie given 
in Tables IV, V and VI 

Taiill IV 


Shouiiig ucKjht'^ of lltijioids of 8 niumals on llic 3blJt day of ajjowicnl 


(Sgc*5 

Iodine 

^0\ 

«oighl 

III prnmnio'j 

t\ci,,lifs of 
tiu routs in 
mg 

A\ crage n eight 
in mg per 100 
grammes of 
bodj weight 

Clean 

' No 

M 

im 

<) 

8 2 

Clean 

No 

I 

so 

a 

6 3 

Dirt} 

No 

M 

tin 

') 

S 2 

Dirt\ 

No 

I 

so 

7 

8 8 

Clean 

Nc*? 

M 

no 

fi 

0 5 

Clean 

\ci 

r 

8') 

n 

7 1 

DirU 

lei 

M 

no 

7 

0 4 

DirU 


I 

80 

fi 

1 

7 r> 


Tabil \ 


Shoainy n eights of thyiouh of 8 aminah on the 19 ^/( day of cjjicnvicnl 


Cages 

Iodine 

Se< 

1 

1 

Bo(I> eight 
in grammes 

1 

Weights of 
thjroids III 
mg 

Aserage ss eight 
in mg per 100 
grammes of 
hodj weight 

Clean 

No 

M 

' n 1 

10 8 

9 G 

Clean 

Xo 

I 

100 

8 0 

80 

Dirts 

No 

M 

113 

0 0 

8 8 

Dirts 

No 

F 

. 100 

9 8 

9 8 

Clean 

Yes 

M 

115 

70 

0 1 

Clean 

Yes 

h 

' 100 

8 6 

8 b 

Dirty 

Yes 


115 

11 0 

9 b 

Dirty 

Yes 

1 

j 100 

82 

82 
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Table VI 


Slioiving iveigJils of ihyiotds of 8 animals on the %ilh day of cxpetimenl 


Cages 

Iodine 

Sl\ 

weight 
in grammes 

IVcights of 
thjroids in 
nig 

Average v eight 
in mg per 100 
grammes of 
body 11 eight 

Clean 

No 

M 

100 

9 0 

9 0 

Clean 

No 

F 

90 

8 0 

8 9 

Dirty 

No 

M 

100 

9 0 

9 0 

Dirty 

No 

F 

90 

10 0 

11 1 

Clean 

Yes 

M 

100 

8 0 

8 0 

Clean 

Yes 

F 

90 

7 0 

7 8 

Dirty 

Yes 

M 

100 

8 0 

8 0 

Dirty 

Yes 

F 

95 

7 0 

7 4 


Taking all three Tables (IV, V and VI) together, the mean weights of the 
thyroids, expressed as mg per 100 grammes of body-weight foi each of the four 
siib-gioups are shown in Fig 1 Fiom this Figure it u ill be seen that the thyioids 
of ammals living in clean cages and receiving iodized cbstilled uater were the 
smallest , those living in dirty cages and receiving distilled water vithoiit added 
iodine weie the laigest , the other two sub-groups occupying an intermediate 
position between these two extremes 
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A[lci tiu la'-l killing on (lit (jd(h (lav, the expcuiiicnt vab tontmued until the 
dulh fioni icquircd dibeabt, of ill remaining animals The last animal died on 
the lo7lh (hn 

Second experiment commenced 8-5-1929 

'I'he dtt ulb of the txpenmonl weit the same as those of the hibt, except in the 
foIlotMiig regards bl ininnls vcie used and these vcic slightly older — 50 to 60 
— Hid their initial bodj -A\eights t\crc proportionately greater than those in the 
first expcriincnt , the iodized water used eontained 1 ing of iodine per litie, 
added in the foini of potabbiuin iodide , and, the cxperiinent w'as allowed to jiroceed 
to the both dn\ before the aniinalb wcie killed 

\. notice ible feature of this cxiicnnient was the higher luoitality amongst the 
animals not itociving iodized distilled water The duration of the experiment was 
limited b\ this mortalitv , for b}' the bOth day there icinained alive only 8 animals, 
out of the origiml lb, in each of the two snb-gronps recening no iodine, while there 
w ere 27 burvn ors out of the original 32, in the tw o snb-gronps leeciving iodine 14 
111 the dirt) and 13 in the clean cages The chances are more than 100 to 1 that 
this result did not arise b} simple sampling 

Eight aiumals from eaeh sub-group were killed on the GOth day of the 
experiment and their thjioids dissected out and weighed Thcreinaiuing animals 
w ere spared and the cxperinicnt allow cd to proceed until their death from acquired 
disease The weights of the 32 thyroids thus made available foi comparison are 
shown in Table VII One animal (dirtj iodine), which died on the 54th day, is 
included with the 8 membeis of its sub-gioup killed on the GOth day 

I’ABLI VII 


Shouiiig uaglils of lliytouh of 32 ammaJs on the GOth day of expeiiincnl 


Conditions 

Bod> 

in ^rnmmts 

Tinroid 
in injr 

Weight of tlijroid 
in mg per 100 
grammes of 
body weight 

1 Clean cages without iodine 

54 

52 

9 6 

2 „ „ 

92 

9 0 

98 

3 „ „ 

100 

8 0 

7 6 

4 „ „ 

93 

70 

76 

6 

70 

04 

9 1 

6 „ 

66 

4 S 

8 7 

7 

45 

50 

11 1 

8 

72 

84 

lie 
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Table VII — concld 


1 

Conditions 

Body-areiglit 
in grammes 

Thyroid n eight 
m mg 

Weight of thyroid 
in mg per 100 
grammes of 
hody-weight 

1 

Dirty cages 

nithout iodine 

5S 

64 

9 3 

9 

)> 


78 

86 

11 0 

3 

yy 

If 

87 

92 

10 6 

4 

tt 

>1 

87 

10 8 

12 4 

6 

yy 

If 

64 

7 2 

11 2 

6 

rt 


87 

98 

11 3 

7 

» 

yy 

88 

9 6 

10 9 

8 

yy 

yy 

93 

10 2 

11 0 

1 

Clean cages 

iMth iodine 

83 

7 8 

0 4 

2 

f 

f 1 

100 

90 

90 

3 

M 

f I 

78 

04 

120 

4 

yy 

fi 

65 

84 

129 

6 

yy 

ff 

90 

9 2 

10 2 

C 

yy 

yy 

70 

66 

94 

7 

yy 

yy 

73 

7 0 

96 

8 

yy 

y 

63 

7 8 

124 

1 

Dirty cages 

inth iodine 

i 76 

8 8 

11 6 

2 

yy 

f 

1 83 

88 

10 6 

; 

yy 

If 

139 

10 8 

78 

4 

yy 

> 

106 

86 

,8 1 

6 

y 

»r 

80 

6 8 

8 5 

0 

y 

If 

79 

92 

11 0 

7 

y 

» 

68 

8 0 

11 8 

8 

If 


86 

7 0 

8 1 

*9 

• » 

</ 

86 

52 

7 9 


* Died on the 64th flay, but mclnded •vnth others hilled on GOth da\ 
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'1 home' III ttciglih of tlic flnroicl*; of flic omninls in the four sub-groupb, 
t.niciii.ntcfl III ing ])cr 100 grauiincs of Jwh -u eight, nre “ihoun m Fig 2 Jt 
will he <=0011 from thib Figure (liat the iluroids of anininls Iniiig in clean cages and 
ictcniiig no additional iodine weie the sinnlltst, tliosc of animals living in dirti 
( ages w ilhoiit additional iodine the laigest tlic t\\ o remaimiig groups occupying an 
iiitermcdialc position hotween these cvtrcincs 

The comhined results of the two experiments are shown in Fig 3 



1 IG - 



I IG 3 


Results of the experiments 

In an Aiipendix to this paper the statistical significance of the results of these 
two experiments is discussed independently bj Major C Newcomb 

In both experiments the thyroids of the animals living under insauitarj 
conditions (‘ dirt} cages’) were appreciably larger than those of animals living 
under sanitary conditions of life (‘ clean cages ’), neither group having received 
additional iodine It would seem, theiefore, that the insanitary conditions were 
the cause of the thyroid enlargement The operation of this goitrigeiious agency 
wxas not counteracted by a level of lodiiie-metabolism lepieseuted by 33y of iodine 
per litre of uiine In the first experiment the administiation of iodized water, 
and the raising thereby of the level of lodine-metabolism from 33y to 85y of iodine 
per litre of mine, appeared to counteract the goitiigenous influence of ‘dut’ 
but the difference in size of the glands in the two groups was not great and if this 




1074 


Level of lodine-MetaboUsm and Goitie 


o\peiimeiit weie to stand alone one would leinam in doubt both as to tbe goitri- 
genous eftcct of ‘ diit ’ and as to the anti-goiirigcnous clicct of the iodized uatei 
But in the second cxpeiiment the result is moic dehnite and is conhnnatoiy of the 
lirst It IS conhnnatoiy also of the pievious woik of McCainson (8), (10), 
Maiine(ll), Gayloid(]2), Buiget(14) and others, wheieby a connexion between 
insanitary conditions of life and thyioid enlargement was established It may, 
therefore, be concluded that the additional provision of iodine, and the raising 
thereby of the level of lodine-inctabolism to a point repiesentcd by SSy of iodine 
pel litre of uiine, did actually counteiact the goitrigenous influence of the insanitaiy 
conditions under which certain of the animals lived Ficm which it ivculd seem to 
follow that more iodine is needed by the thyroid gland, or less is available for its 
needs, under coirditions which involve contamination of the intestinal tiact It 
IS necessary to add that the degree of insanitation and the composition of the 
experimental diet vere probably not uithout influence in determining the size of 
Bic thyroid enlaigements Temperature and atmospheric conditions during the 
summer months at Coonooi cause the litter accumulating in the ‘ dirty cages ’ to 
dry rapidly and for this reason the degiee of insanitation in these experiments 
was not extreme The expeimiental diet was composed entirely of vegetable and 
mineral matter had it contained a high proportion of animal protein the 
thyroid enlaigements might have been greater, since Burget(]4) has observed 
that unhygienic conditions, in association with a liigli-piotcin diet, bring about a 
greater degree ol thyroid enlargement than eithei factor alone 

When the annuals w'ere kept under conditions of meticulous cleanliness, thyroid 
enlargement did not occur It follows, theiefoie, that a level of icdine-metabolism 
represented by 33y of iodine per litie of uiine sufficed for the needs of the thyroid 
gland ol rats fed on this paiticulai diet when they were living under hygienic 
conditions This lesult is in conformity w ith previous experimental woik in this 
laboratory wdiereby it was shown that in pigeons fed on a diet of mixed grains 
meticulous attention to cleanliness prevented a cotnin type of thyroid enlaigement 
(JiypeHt opine gotne) almost as certainly as the additional jiiovision of iodine in 
the food(8) The application of this piinciple to the prevention of goitre in the 
human subject has been attended with success no less striking than that following 
the prophylactic use of iodine(15) 

The results of the two experiments differed in one regard the effect of the 
admimstration of iodized water to animals livnig in ‘ clean cages ’ In the first 
experiment the additional iodine, appeared to cause the thyroid gland to be 
smaller and in the second to be laigei In neither expeiiment w'as the difference 
in size of the glands of annuals receiving the iodized w^atei and of those not 
receiving it s eiy great Nevertheless, theiesult cannot be put aside as negligible 
The iodized w atei used in the second experiment was ten times the stiength of that 
used m the first, and whereas the level of lodine-meta holism was raised in the 
latter from 33y to 85y per litre of urine it was raised in the former from 33y to 659y 
In the second experiment this high level of lodme-metabohsm appears to have 
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t\crciscd u stimulating ciltct on tlu' thjioul gluml If this be so the obseivatiou 
IS in conformity uilli (lie k sul(s of ])i(\ ions experiments tinned out in this labor a- 
toiy(lli) iiid witli the obsei\ itions of ]joeb(17) and Eabniov itc]i(18) Thus in 
pigeons liMiig iiiuhi clem toiulifions the dletl of adding iodine to their dnnlnng 
w ltd was to cuise an enlargement of the tlnioid gland winch though slight 
w IS, statistic illy spciking, of ttry definite signi[itancc(10) 

'While thist exiieriments show {tide ‘statistical examination of the experi- 
ment d dati ’) tint young rats Ining undei hygienic conditions and fed on tins 
dclicieiit diet did not dc\clop thyioid enlargement within a period of Cl days 
though tlicir ley el of lodine-mctabolism was lelatnch low, it is to be lemciubeicd 
tlntthcic IS one ty jic of goitic— the /ywip/i (/(/mold (1 0, 20)— -winch can arise in 
deficiently -fed rats despite the most perfect sanitation and despite the adequate 
ingestion of iodine It is necessnn therefoie, toha^e a clear idea as to the type 
of thyroid enlargement which was caused in the piesent cxpeiinients by insamtaiy 
conditions of life nid ju evented b\ tin additional proMsion of iodine in the food 

Histological appearances of the thyroids 

The thyroids nailable foi histological stiuh were [a) 12 glands from lats 
winch had Incd under Ingieme conditions (‘ clean cages ’) , and {b) 12 glands from 
rats which had Incd undci unhygienic conditions ( duty cages ) In both cate- 
gories G animals liad recened the exjKiiinental diet with lodired watei (0 1 mg of 
iodine to the litre) and G tlic experimental diet without additional iodine 

There were two questions to which answeiswcic sought from a histological 
study of these glands (1) '\Miat effect was produced on the stiuctural featuies of 
the thyroid gland by a iclitncly low IcacI of lodinc-mctabobsm (SSy per litre of 
urine) avhen the factor of insamtation w as excluded ’ (2) bat effect yvas produced 

on the structiiial featuies of the thyioid gland by' insamtaiy' conditions of life in 
rats whose ley el of iodine metabolism was lepicseiited by' a iiiinary' excretion of 
33y of iodine per litre * The aiiswci to the first question is that no appreciable 
effect was produced on the gland by an lodine-nutabolism of this ley el yihen the 
animals were living uiidei liy'gieiiic conditions The answer to the second rs that 
the thyroid enlargement which resulted from ‘ dnt ’ w as a compensatory hypertrophy 
of the organ 

Representative sections — both in low and high pow er magmfrcation — of the 
thyroids from rats which had Incd wide) hygienic conditions, with and yvithout 
the additional provision of iodine m their diet, arc shown in Plates LXIV, LXV 
and LXVI, figs 4 to ]6 At no stage of the experiment did the thyroids of rats 
receningno additional iodine piesent histological appearances that were not also 
present in the thyroids of rats receiving additional iodine On the 36th day of the 
experiment the major part of the gland, in both eioups, was engaged in active 
secretion , there being relatively few areas— and these at the periphery of the 
gland— engaged in colloid storage (Plate LXIV, figs 4 and 6) Active secretion 
was equally well marked in the two groups (Plate LXIV, figs 6 and 7) It was 
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hygienic conditions of life iindei which the animals lived These factors were 
(a) the relatively low level of lodine-metaholism attained by the rats consuming 
the diet , (6) the susceptibility of the intestinal tract to infection consequent on 
the vitamin deficiencies of the diet , and (c) the contamination of the food by 
the excieta of the animals living undei unhygienic conditions of life Of these 
three factors the first did not of itself cause thyroid hypertrophy, though it 
peimitted of the goitrigenous action of the third Nor did the second lead to 
thyroid enlargement in the absence of the thud The third factoi — ^unhygienic 
conditions of life — ^ivas thus the dominant one it was the source of a posiUve 
goitre-pioducing agency which was counteracted by the admmistration of lodme 
In connexion with the general eftects of unhygienic conditions of life on the 
animal oigamsni an interesting lesult has enieiged fiom the statistical analyses of 
the experimental data provided by the second experiment there was a significant 
association not only of big thyroids but of big spleens with unhygienic conditions 
of life But wheieas the admimstiation of iodine prevented the thyroid enlarge- 
ment it had no eftect on the splenic enlaigeraent Further, theie vas a sigmficant 
tendency foi animals living under hygienic conditions of life, and receiving 
additional iodine to have small livers 

Summary. 

Young lats were fed on an experimental diet consisting of oatmeal patent 
flour, linseed meal, calcium phosphate and sodium chloride This diet besides 
being low in iodine was markedly deficient in vitamin A 

The concentration of iodine in the urine vas taken as an index of the level 
of lodiiie-metabolism 

The experimental diet admitted of a level of lodine-metabolisni represented 
by 33y of iodine per litre of urine 

This level of lodine-nietabolism vas similar to that of goitious persons in 
ceitain parts of the woild 

It vas not associated uith thyroid enlargement within the 60 — 64 days 
of the experiments, ivhen the lats were kept under conditions of meticulous 
cleanliness it was associated with thyroid enlaigement, vithm the same peiiod, 
when the lats were kept undei unhygienic conditions of life 

The type of thyroid enlargement caused by the uiihj'giemc conditions of life 
was a simple liypertroiihy of the gland {Injfenwplm goi(ie) 

AVhen the level of lodine-metabolism was laised to a point rejiresented by 
85y of iodine per litie of iiiine the hypertiophic goitre caused by unhygienic condi- 
tions w^as prevented It w^as likewise prevented wdien the lead of lodme- 
metabolism was raised to a point represented by 559y pei litre of urine 

An lodme-metabolisni of this high level (559y per litre of urine), while preven- 
tin'^ the thyroid enlargement caused by unhygienic conditions of life, appeared to 
exercise a stimulating action on the thyioid gland of rats living under hygienic 
conditions 
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Apait from ils rolati\eh low cnnfont of iodine the expciiniental diet had 
fault'; cnpahle of indiieiii" palholopieal ehan"ea m the thyroid gland 

It i*; pointed out that while /ii/pn/iop/zir i/oiOe did not arise in deficicntl3’^-fcd 
rats liMiig under h\ gieiiie conditions ilthoiigh their lead of lodine-mctaholisni 
wnsrclatneh low there is mother t\]u‘ of goitie— the hpnjiJi adowul — which 
docs arise in deficienth -fed lats despite conditions of perfect sanitation ancl 
despite the .idecjiiatc incestion of iodine 
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Explanation ol Plate LXIY 

Fig 4 Low po^\el view of thyroid lobe at widest 2 >ait sJiowing gland, for the most 
par*-, engaged in active secretion A ^ev colloid follitles are sf’attercd 
around the peripheiy of tlie lobe From a rat living under hygienic condi- 
tions (‘ ckau cages ) and fed on th. experimental diet foi 35 days uifhout 
iodized water 

,, 6 High poner view of actively secreting area from the gland shown in Fig i 

„ 6 Low power view of thjaoid lobe at widest part showing gland, foi the most 

part, engaged in active secretion A fen colloid follicles are scattered 
aiouud the pciiphery of the lobe Fiom a lat living undei hygienic condi- 
tions (‘ clean cages ’) and fed on the expenmental diet for 35 days mth 
iodized water 

1 High power view of actively secreting area from the gland sliown in Fig G 
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Plate LXV 
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Explanation of Platl LXV 

Fi" 8 Lo\^ po^\er view of tli3roid lobe nt vidast partshovong more equal distnbu 
tion of colloid storage follicles and secretion vesicles than on the 35*^h dav 
From a rat Imng under In giemc conditions (‘clean cages’) and fed on 
tbc experimental diet for 49 days uilhont toiizcd water 
„ 9 High power anew of gland shown in Fig 8 

10 Low power anew of thpoid lobe at widest part showing more equal di«tribu 
tion of colloid storage follicles and 'Ccretion acsiclcs than on the 35th 
day From a rat living under hygienic conditions (‘ clean cages ’) and fed 
on the experimental diet for 49 days with iodized water 
„ 11 High power view of gland shoivn in Fig 10 
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EXPI.ANATION Oi PlATE LXVI 

Pig 12 Low power view of thyroid lobe at widest pait showing colloid storage some- 
what more in evidence than active secretion Prom a rat living under 
hygienic conditions (‘ clean cages ’) and fed on the experimental diet for 
64 days tmthout iodized ivater 

„ 13 High power view of gland shown in Fig 12 some injection of the peri- 

acinar capillaries 

„ 14 Low power view of thyroid lobe at widest part showing predominance of 

colloid storage follicles From a rat living under hygienic conditions 
(‘ clean cages ’) and fed on the experimental diet for 64 days with iodized 
ivaler 

, 15 High power view of gland shown in Fig 14. 
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Explanation or Plate LXVII 

Fig 16 Posterior \tcw of thjToid lobe of rat living wider unhygienic conditions 
(‘ dirty cages ’) and fed on the experimental diet for 64 days without iodized 
water Note lateral and backward growth but otherwise noinml appear- 
ance 
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Explanation op Plate LXVIII 

Fig 17. High power view of actively secreting thyroid gland from rat livmg under 
unhygienic conditions (‘ dirty cages ’) for 36 days and fed on the experi- 
mental diet without iodized water 

, 18 A similar view of the thjnroid gland on the Glth day showing colloid follicles 

more in evidence than at an earlier stage of the experiment From a rat 
bving under unhygienic conditions (‘ dirty cages ’) and receiving no iodized 
water 

„ 19. High power view of actively secreting thyroid gland from a rat living under 

unhygienic conditions (‘ dirty cages ’) for 35 days and fed on the experi- 
mental diet with iodized water 

„ 20 A similar view of the thyroid gland on the 64th day showing secretory 

activity still predominating, also injection of peri-acinar capillaries From 
a rat living under unhygienic conditions (‘ dirty cages ’) and receiving 
iodized water. 
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APPENDIX 


\ Statistical E'^AJII^ATIOv oi Tnr ExPFimiruTAL Data 

n\ 

JlAJOR CLIVE NEWCOI^m, dm, f i c , i m s 

As ■weights of organs arc correlated with body-weights, and as in these experi- 
ments the body-w eiglits show large ^arlatlons — in e'xpennicnt II significant I'^aria 
tioiis betw een batches — it is ncccssar}' to eliminate this correlation before comparing 
the iveights of the organs 

In Donaldson’s book T/ie Fa/(1) the regressions of vanous organ-weights on 
body-weights arc given His figures are, however, for a different breed of rat 
This IS sliown by a comparison of the normal body-weight — age curve of the rats 
used in this laboratory with his Moreover, Donaldson’s figures are for stock rats 
fed on a well-balanced and adequate diet, the diet used m these expenments 
being markedly deficient in vitamins, may well have influenced the relations 
between the sn;e of the organs and the body-weights The weights of some of the 
organs in these experunents do not correspond at all to the weights given by 
Donaldson The weights of the thvToid glands of our rats are all very much 
below Donaldson’s line for his normal thyroids, so that if one of oiir rats had a 
thjTroid which according to Donaldson was normal for its body-weight we should 
consider it as havuug a goitre On the other hand the spleens in our experi- 
ments arc all much bigger than those given by Donaldson This, howmver, may be 
due to the method of lallmg the rats, as McBoberts(2) has shown wuth our rats that 
this greatly affects the size of the spleen The method of killing being the same 
throughout these experiments does not, howmver, affect the comparison of the 
different batches 

VTiat can be got from Donaldson’s figures is this that within the range of 
body-w'eight m these expenments (45 — 139 grammes) the regressions of the weights 
of all organs on body-weights are very nearly straight lines 

If the w eights of the organs are expressed per 100 grammes of body-w eight and 
the ratios for any organ compared, the assumption is made that the regression line 
IS not only straight but that it cuts the axes at then origin , or, put another way, 
that the organ has no weight m a rat of no weight In general the regression 
lines for the weights of the various organs on body-weights do not tend to cut the 
axes at their origin 
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The data for the first experiment, and some statistics calculated from them, 
are given in Table I The thyroid- weights, plotted agamst body-weights, are 
shown in Diagram 1 and on this diagram the regression line for the data of this 
experiment is also given 


Diagraai 1. 

Bdlch 1 • 

n o 



In order to compare the effect of lodme and of insamtary conditions of life on 
the thyroid weights, the thyroids have been classed into small and big according as 
they he belov or above the regression Ime — those falling very close to the line 
being omitted The associations of small and big thyroids with the conditions 
as to dirt and lodme are shown in Table II To test the significance of these 
associations the chi squareds (x^) have been calculated(3) Them values are 
given in column 6 and the corresponding percentage probabilities m column 7 
The figures in column 7 indicate the number of tunes m 100 trials that a result as 
divergent as the one found might be expected to occur if there were in reality no 
association between the factors concerned In view of the paucity of the data the 
calculation of these probabilities is not very satisfactor} but they give some indica 
tion of the' reliance to be placed on the results 
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Tablf I 


SImrutg (he body n eights and icciqhts of (he thyroid in ammaJs from the first 

experiment 


Hntcli 


Condition 


Bod\ weight 
m grnmmea 


Tiij roid 
weight 
m mg 


Clem CTgea with iodine 


■Mean 


Dirty cages with lodmo 


Mean 


3 Clean cages without iodine 


Mean 


4 Dirty cages without iodine 


Mean 


Sox 


no 

C 

M 

85 

0 

P 

! 116 

7 

M 

100 

86 

P 

100 

8 

M 

90 

7 

P 

100 

. 7 1 


no 

1 7 

M 

so 

6 

P 

1 116 

11 

M 

100 

82 

P 

' 100 

8 

M 

1 95 

7 

P 

100 

79 

1 

I 

no 

0 

M 

80 

G 

P 

113 

10 8 

M 

100 

8 0 

P 

100 


JI 

90 

8 

P 

- 

99 

S3 

- 

no 

9 

M 

80 

7 

P 

113 

99 

M 

100 

98 

P 

100 

9 

M 

90 

10 


99 

9 1 



Slean body weight 99 4 s d 11 0 

Mean thyroid weight . SlOsd 1C6 

Correlation of thyroid weight and body weight + 0 66 
Regression of thyroid weight on body weight Y=0 079 X+0 29 
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Table II 

First experiment 


Shoioing tlw associations of small and big thyroids with the conditions of treatment 


1 

2 

3 

4 

6 

6 

7 

1 



Thteoids 









P 

Batches 

Conditions 

Small j 

Big 

T0TAI£ 

X® 

1 

per cent 

I 

Clean with iodine 

4 i 


5 



II 

Dirty „ 

3 


4 

1 


m 

Clean no iodine 

1 


4 



IV 

Dirty „ 

. 0 


6 





8 

1 

10 

18 



I and II 

1 

Iodine 


1 

2 

9 

i 


III and IV 

No iodine 


8 

9 





8 

1 

1 10 

1 

.8 , 

GO 

2 

I and ni 

Clean 

5 

4 

9 



II and IV 

Dirty 

3 

6 

9 





8 

10 

18 

I 

09 

1 

34 

I 

Iodine 1 Amongst those in 

4 

1 

5 



m 

No lodme f clean cages 

1 

3 

4 J 






4 

9 

3 7 

10 

n 

Iodine 1 Amongst those in 

3 

1 

4 



IV 

No iodine / dirty cages 

0 

6 

6 





3 

6 

9 

66 

2 

I 

Clean | Amongst those getting 
Dirty J iodine 

4 

n 

5 



n 

3 

iH 

4 

j 




■ 

2 

9 j 

i 


m 

Clean | Amongst those not 

m 

3 

1 1 

4 



IV j 

D-rty / getting iodine 

' 0 

6 

I 

1 6 

i 

1 




1 

8 

9 

14 

24 
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The conclusions to be dra^\n from the first experiment ntc as follows — 

] Tlie nclmimsfrnfion of iodine in the form of iodized natcr nas on the 
^^hole n^socinted nitli small thyroids {P=2) This association is 
more imrlvcd amongst rats In mg under unhygienic conditions (P=2) 
and IS of doubtful significance amongst those Irnng under hygienic 
conditions (P=]0) 

2 The association of big thjroids and unhygienic conditions is in no case 
significant but is most marked amongst those not reccning iodized 
water (P=24) This suggests tliat subsequent experiments might 
show that iodine prc\ cuts an enlargement of the thyroid due to dirt 
In a lew of the small numbers of obsera ations this experiment, if it stood alone, 
i\ ould not admit of sure conclusions Tlie results of this experiment w ere, how ever, 
for the most part confirmed b\ those of the second 

The experimental data of the second experiment are given in Table III In 
this experiment other organs besides the ihjTOid were weighed as it appeared 
possible that a statistical examination of the data relating to these organs might 
sene to indicate whether the effects of the two influences under consideration — 
iodine and uisamtar} conditions of life — ^were peculiar to the thyroid gland In 
this experiment the rats were all lalled at the same age The average body- 
w eights of the four batches differed , these differences were also examined as to 
the effects of iodine and of ‘ dirt ’ on the body-weights 

Certain statistics calculated from the data in Table III are shown m Table IX 
Those relating to body-weights, thjTOids and h\crs have been calculated without 
grouping, and those relating to other organs by means of small correlation tables 

Table III 


Shoiving (he hody-'iccxghts and ueighls of organs in animals m the second expeiiment 




Bodi 

ncifilit 

grins 

Tliiroid 
n eiglit 
mg 

Adrenal 

weight 

mg 

\ Heart j 
weight 
grms 

Liver 
n eight 
grms 

Kidney 

weight 

grms 

Spleen 
' weight 
grms 


f 

CO 


60 

1 0 27 

2 32 

0 71 

0 IS 



83 

78 

30 

0 30 

4 23 

0 90 

0 47 



100 

90 

20 

0 41 

3 60 

0 87 

I 

j 0 48 



78 

94 

26 

0 37 

CO 

0 82 

044 

1 Clean with iodine 

■ 

05 

84 

20 

0 80 

2 90 

0 60 

0 33 



90 

92 

30 

1 

0 39 

4 02 

0 89 

0 49 



70 

06 

30 

0 34 

3 36 

0 78 

0 32 



73 

70 

20 

0 36 

2 93 

0 84 1 

0 47 



63 


20 

0 36 

3 21 

0 76 

0 43 
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Table III — concld 




Body 

Thyroid 

Adrenal 

Heart 

Liver 

Kidney 

Spleen 



•weight 

weight 

weight 

weight 

weight 

weight 

weight 



grms 



grms 

grms 

grms 

grms 




76 

88 


0 34 

3 94 

0 86 

0 64 




83 

88 

20 

0 36 

3 63 

0 83 

0 92 




139 

10 8 

22 

0 55 

7 28 

1 26 

1 33 




106 

86 

21 

0 40 

6 11 

0 90 

0 62 

2 

Dirty witli iodine 


80 

68 

20 

0 34 

3 71 

0 72 

0 69 




79 

92 

20 

0 43 

3 67 

0 78 

0 50 




68 

80 

28 

0 42 

3 46 

0 68 

0 61 




86 

70 

19 

0 39 

4 36 

0 83 

0 77 




66 

62 

50 

0 34 

4 02 

0 87 

0 36 




64 

62 

20 

0 28 

2 76 

0 74 

0 60 




92 

90 

21 

0 39 

418 

0 49 

0 49 




106 

80 

20 

0 44 

5 12 

1 18 

0 66 




93 

70 

30 

0 37 

6 26 

0 97 

0 48 




70 

6 4 

19 

0 32 

3 86 

0 83 

0 30 

3 

Clean mthout iodine 


55 

48 

20 

0 27 

2 62 

0 72 

0 23 




46 

60 

27 

0 24 

244 

0 62 

0 16 




72 

84 

20 

0 31 

3 76 


0 39 




46 


32 

0 34 

3 60 

0 64 

0 17 




65 


40 

0 29 

2 68 

0 77 

0 21 




63 


20 

0 29 

2 66 

0 76 

0 17 




68 

64 

30 

0 27 

2 69 

0 79 

0 37 




78 

86 

30 

0 46 

3 60 

0 84 

0 66 




87 

92 

30 

0 44 

3 96 

0 86 

0 61 




87 

10 8 

21 

0 41 

3 27 

0 83 

0 68 




64 

72 

11 

0 32 

2 96 

0 76 

0 65 

4 

Dirty mthout iodine 


87 

98 

29 

0 35 

3 64 

0 84 

0 62 




88 

96 

20 

0 36 

4 70 

0 87 

0 57 




03 

10 2 

20 

0 38 

4 78 

0 97 

0 63 




60 


30 

0 32 

2 73 

0 71 

0 62 



k 

65 


50 

0 32 

4 17 

0 82 

0 34 
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The statistics for the last mnv, therefore, lin\ e small errors due to grouping To be 
sure that the errors arc ^enll^ small the paitial standard deviations have been 
checked 1)} comparing the \nliie calculated from the coefficient of coirelation with 
the ^alue calculated b) summing the squares of the dcMations from the regression 
lines and in no case is the diflerence of the two a allies considerable The correla- 
tion coeflicicnts base been calculated without Sheppard’s correction 

TAnnr IV 


Sliouivg tarioris sfaltsltcs calctihkd from (he data in Table III 





Number 
of obscr 
\ntions 

Mcftna 

i 

[ Standard 
j donations 

1 

1 

15ot3> weights 

grn mines 

1 

j 30 

j 76 7 

10 2 

o 

ThjaoiGs 

mg 

32 

7 97 

1 GO 

a 

Attrcnnls 

»> 

38 

20 3 

9 85 

4 

Hearta 

grammes j 

39 

0 35 

0 002 

C 

Livera 

»> 

39 

3 09 

0 954 

C 

Kidneys 


38 

0 82 

0 10 

7 

Spleens 

»♦ 

30 

0 49 

0 21 


Body weights corresponding to 
the 32 thyroids 

32 

80 4 

17 9 


Correlation 

cociricionts 

Standard 

donations 

y.i 

+0 71 

^3 t 

1 17 

y.j 

—0 30 


94 

V.. 

+0 84 

«^4 1 

0 033 

V.c 

+0 87 


0 47 

y.. 

+0 09 


0 10 

r.:' j 

+0 72 


016 


+0 49 



1 

—0 04 



7 

C7 

+0 69 



Tfi 1 

—0 10 




Bohy-weights 


The median body-weight of the 39 rats m this experiment is 76 grammes 
Grouping the animals as small andjng, according as their body-weights are below or 
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above 75 grammes, the associations of treatment and body-weight are shown in 
Table V 


Table V 

Second experiment 


Showing ihe association of small and big body-weights with the tieatment 


1 i 

2 

3 

4 

6 

6 

7 




Thyboids 



Batches 

Conditions 




O 

y** 

P 





Totals 


per cent 

I 1 

Clean with iodine 

5 

4 

9 



n 

Dirty „ 

2 

7 

9 

1 


in ! 

Clean without iodine 

8 

3 

11 



IV 1 

Dirtyj ^ „ 

4 

6 

10 

i 




19 

.0 

39 

5 61 

6 

I and II 

Iodine 

n 

11 

18 



III and IV 

No iodine 

m 

9 

21 





19 

20 

39 

129 

26 

I and m 

! 

I Clean 

13 

H 

I 

1 20 

[ 


II and IV 

Dirty 

6 

m 

! 19 

1 

1 

! 



19 

20 

1 39 

1 

! 4 36 

4 

I 

Iodine [ Amongst those in 

6 

4 

1 

9 



m 

No iodine ) clean cages 

8 

3 

11 





13 

B 

1 

20 

0 64 

41 

n 

Iodine Amongst those in j 

2 

7 

9 

! 


IV 

No iodine f dirty cages 

4 

6 

10 

1 

1 




6 

13 

19 

1 

0 69 

i 

39 

j 

I 

Clean { Amongst those getting 

! 6 

4 

9 

||_||| 


n 

Dirty I iodine 

! 2 

m 

' 9 




j 

B 

11 

18 

2 11 

16 

i 

m 

Clean ( Amongst those not 

1 8 

3 

11 



w 

Dirty i getting iodine 

4 

! 6 

1 





1 

12 

9 

21 

2 29 

13 
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The conclu'^ioiib 1o be drn\Mi from Table V arc — 

] There is no deinonslrnblc eflcct of iodine on body-weight 
2 Tiie rafe in dirty engos were Iioavier tlinn those in clean cages (P=4) 
ind this was so irrespective of the addition or withholding of iodine 
(P=15 and P=13) 

A snnil ir result is got if the mean bod} -w eights of the batches are compared, 
and the differences tc‘;tcd for significance as suggested in Newcomb(4) 

WfIGIITS Ol ORGANS 

The weights of all the orgins were positivel} correlated wnth the body-weights 
{ixlc Table IV), except the weights of the adrenal glands In this experiment the 
correlation of the last comes out negatne but tlie figure ( — 0 295) is too small 
to be defimtel} significuit and is due almost cntireh to two outstanding observa- 
tions (1 ind 2 111 Table III) The adrenal glands are omitted in the subsequent 
anal} sis 

Table n 


Slioitnig the tvean (hffcrcncc‘i 7)t the xaghl'i of the larioits organs 711 the four hatches 
from the regression lines on hodij-ivcights 



Batch 

I 

Batch 

11 

Batch 

in 

Batch 

IV 


Clean with 
iodine 

Dirtv witli 
iodine 

Clean without 
iodine 

Dirtv without 
iodine 

Thjrotdt ^ 

Xurnbers 

Means 

St errors of means 

7 

-t-0 200 

0 442 

0 

—0 233 

0 391 

8 

—0 850 

0 414 

8 

-f0 875 

0 414 

Hearts 

Numbers 

Means 

St errors of moans 

0 

-t-0 001 

0 011 

9 

-t-0 013 

0 011 

11 

—0 007 

0 010 

10 

-f0 012 

0 011 

Lxvers 

Numbers 

Means 

St errors of means 

9 

—0 293 

0 167 

9 

-1-0 164 

0 167 


10 

—0 026 

0 149 

Kidneys 

Numbers 

Means 

St errors of means 

9 

—0 003 

0 033 

9 

—0 014 

0 033 

10 

-t-0 007 

0 032 

j 

10 

1 -f0 014 

0 032 

Sphens 

Numbers 

Means 

St errors of means 

9 

—0 080 

0 049 



10 

4-0 047 

0 046 
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In the second experiment a slightly difierent procedure has been adopted to 
compare the weights of the various organs in the four batches while getting iid of 
the efiect of body-weight The procedure is — 

1 On the supposition that the weights of the organs are uninfluenced by 

the conditions as to iodine or dirt, the weight which each organ 
would be expected to have from the body-weight of the animal has 
been calculated from the found regression of the various organ- 
weights on body-weights 

2 The differences between the expected weights, and the actual weights 

have been tabulated 

3 The mean differences from expectation in the four batches have been 

calculated and are given m Table VI 
To 3 udge of the significance of these differences — 

4 The partial standard deviations of the various organs about the regres- 

sion lines have been calculated and are given m Table IV 

5 Using these standard deviations the standard errors of the means of 

the differences have been tabulated in Table VI 
There are too few observations for the satisfactory calculation of a standard 
deviation of the mean differences from expectation for each batch separately 


Thyroids 


The regression of thyroid- weights on body-weights for the second experiment 
IS shown in Diagram 3 


Diagram 2 


BatcK 1 • 
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The si^mficnnccs of (lie tlilTei cnees between tlie inc.ins of the clillcrenccs from 
expect ntion in the four Infclies arc •shown in Table VII 

Comparing first tliose getting aiul not getting iodine if all those getting 
iodine (I and IT) are compared with all those not getting iodine (III and IV), the 
dilTcrencc ( — 0 020) is slight and insignificant, and this is so because the eEect 
of iodine IS apparently different under clean conditions and under dirty conditions 
Comparing those in clem cages with each other (I — III) the giving of iodine is 
associated with hrqcr tliaroids (P=12) In this experiment there is apparently a 
stnmilating effect of iodine on the thyroid gland in the animals Ining in clean cages 
Comparing those in dirty cages with each other (II and IV) the giving of iodine 
IS associated with s»ia//cj thyroids (P=0) 

Comparing next the cfTcct of dirt} and clean cages if all those in clean cages 
(I and III) are compared with all (hose in dirty cages (II and IV), those in dirty 
cages had larger thiToids though the difTcrcnce ( — 0 G46) is not very significant 
(P=13), the want of good significance again being due to the seemingly stimulating 
effect of iodine under clean conditions Comparing those getting iodine with each 
other (I and II) the eficct of dirt is insignificant Comparing on the other hand those 
not getting iodine with each other (III and IV) those in dirty cages had definitely 
larger tluToids (+1 725 P=2) . 

Taulk YII 

Showing the significance of the diffcicnccs between thyioid-wcights in the four hatches 


Bfitclios 

Numbers 

Means 

St-nndnrd 

errors 

Diff 

St errors 

P 

per cent 

I 

7 

+0 200 


0 46 


II 

9 

—0 233 


0 69 


III 

8 

—0 850 


2 06 

8 

IV 

8 

+0 876 

0 41 

2 11 

7 

I and n 

16 

—0 017 

0 29 



ni and rV 

10 

+0 012 

0 29 




Diflcronco 

—0 029 

0 42 

0 07 


I and in 

16 

—0 326 

0 30 



n and rV 

17 

+0 321 

0 28 




DiSforence 

—0 646 

0 42 

1 66 

13 

I— n 


+0-433 

■ 1 

0 73 


I— m 


+ 1 060 


1 76 

12 

I— rv 


—0 676 


1 12 


n— m 


—0 617 


1 08 


II— rv 


—1 108 


1 96 

9 

III— rv 


—1 726 

■1 

2 98 

2 
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Hearts and kidneys 

Comparing the effect of iodine and no iodine and of dirty and cJean cages in a 
similar way to that used for thyroids, no significant associations are brought to 
light between either of the conditions and heart-weights or Indney-weights 

Livers 

The compansons of the liver- weights, on the same plan as for the thyroiH- 
weights, IS shown in Table VIII Only two differences are statistically at all 
sigmficant, viz , I— II and I-rlH , these indicate that amongst rats living in clean 
cages the association between iodine and small livers is significant (P==2) and 
amongst those getting iodine the association between clean cages and small livers 
IS significant (P=7) The results are compatible mth the theory that giving iodine 
reduces the size of the liver and that dirt destroys or neutralizes the effect of iodine 


Table VIII 


Shomng the significances of the diffeiences between liver-weights in the fow hatches 


Batches 

Numbers 

Mean 

diff 

Standard 

errors 

■ 

Diff 

st errors 

P 

per cent 

I 1 

9 

—0 293 

0 167 



n 

9 

+0 164 j 

0 167 



III 

11 

-f 0 248 

0 142 



rv 

10 

—0 026 

0 149 

1 


I and II 

18 

1 —0 064 

0 111 i 



III and TV 

' 21 

1 +0111 

0 103 




Difference 

I 

—0 175 1 

0161 



I and m 

1 20 

—0 022 

0106 



II and IV 

19 

! +0 069 

I 0108 

1 



Difference 

—0 091 

0161 

1 


I— II 

j 

—0 467 

1 

0 222 

r 

2 06 

7 

I— III 


! —0 546 

0 212 

2 67 

2 

I— W 


—0 267 

0 216 



n— III 


—0 084 

0 212 



II— IV 


+0 190 

0 216 



III— IV 


+0 274 

0 206 




Spleens 

There is no demonstrable association between spleen-weights and the giving of' 
iodine {vide Table IX), but there is a significant association of big spleens with dirty 
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conditions of life, bolli on llio wlmlc (I’— 0 5) uul .inionc;s| tlioso willi iodine (P—2) 
and ivitliont iodine (P=S) 

Big spleens ire I'-^ocnteil witli big IIimokIs (T.iblc lY 7i7=+0 49) 
but this isMicntion is ill due lo (he I'.soci ition of Ijotli nitli bod}-Mciglit 
{ibul /j 7 i=— -OOi) Intlie‘'ini( w n big •'plceiis ,iic issoeiated nitli big livers 
(tbuJ 7 , 7 ;=-|-() bn) bill beu igiin llii I'-sociation is dm to the association of 
hotli with bod> veight (tbul /r -— — (i ]0) The nninbers of obseivations are 
insufhcienl for cimingthis in\es(ig.ilion on to scpirate batches 

'fAiiLr IX 

ShoimiKj the siqnifiauice of tin (Jiffrnnrc’! bctvccu <;plcr)i maghts in the four batches 


■s 

Bntclirs 

XumlicrF 

Mem 

did 

bt'^iulnrd 
( rrors 

Did 

St errors 

P 

per cent 

I 

<1 

— 0 OSO 

0 019 

1 03 

14 

ir 

0 

LO 120 

0 049 

2 40 

4 

III 


—0 081 

0 041 

1 84 

10 

n 

i ■« 

‘0 017 

0 040 

1 02 


I and II 

1 

18 

+ 0 020 

0 034 



in and rV 

21 

— 0 017 

0 032 




Diflcrcnco 

+0 017 

0 047 



1 and III 

20 

— 0 081 

0 033 



II and IV 

19 

+0 081 

0 034 




Diffcronco 

—0 104 

0 047 

3 49 

4 

I— II 


—0 200 

0 070 

2 80 

2 

I— III 


+ 0 001 

0 000 


1 » 

I— rv 


—0 127 

0 008 

1 1 87 

10 

II— in 


+ 0 201 

0 000 

3 05 

1 

II— IV 


+0 073 

0 068 



III— IV 


—0 128 



0 064 

' 2 00 

8 


The two experiments combined 

The association of small and big thyroids with the conditions as to dirt and 
iodine in both experiments put together are sliovn in Table X 
J, MB 


8 
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Table X 

Both expebiments combined 


Showing the association of hig and small thy) aids with dirty cages and lodme 


Batches 

. . . 

Conditions 

Thyboids 

1 


p 

per cent 




I 

Clean with iodine 

I 9 

4 

13 



U 

Dirty „ 

9 

6 

16 



in 

Glean without iodine 

8 

6 

14 


1 

IV 

Dirty „ 

2 

12 

14 





28 

28 

66 

9 96 

' 1 8 

I and III 

Clean 

1 

! 17 


27 



n and IV 

Dirty 

11 

18 j 

[ 29 


■ 



28 

28 

66 


H 

I and n 

Iodine 

18 

10 

28 i 

j 


III and IV 

No iodine 

10 

18 

28 




j 

28 i 

i 

i 

28 

66 ^ 

46 

33 

I 

Clean 1 Amongst those getting ^ 

9 

1 

4 

13 

j 


XI- 

Dirty 1 lodme 

9 

6 

16 

No assooit 

ition 



1 

18 

10 

28 

1 


ra 

Clean i Amongst those not 

8 

6 

14 



rv 

Dirty 1 getting iodine 

2 

12 

14 

66 

I 8 



10 

18 

28 



I 

1 Iodine \ Amongst those in 

9 

4 

13 



in 

1 No lodme / clean cages 

■ 

8 

6 

14 

No assoon 

ition 


' 

j 1 

17 ! 

i 

10 

1 

27 



n 

lodme 1 Amongst those in 

9 

6 

16 



IV 

No iodine 1 dirty cages 

2 

12 

14 

6 42 

j 

1 1 


1 

11 

18 

29 

• 

• 
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The concln‘=ious io be dra^\n from this Table confinu the prc\nou8 conclueions 
and arc — 

1 Big tb\ raids me associated \\i(h iiu]i 3 ’'gieiiic conditions of life (P=7 5), 

and this association is on)} definitely shown by the rats not receiving 
iodised Mater (P=] 8) Amongst the rats getting iodized vsater 
this association is absent 

2 Small thyroids are associated vnth the gmng of iodized water (P=3 3) 

and this association is onh definitely shown by the rats living under 
unhygienic conditions (P=l 1) and is absent amongst those m 
clean cages 

Translating associations into causes 

Dirt causes enlargement of the thvroid gland and the admimstration of 
iodized Mater prevents this enlargement 

The results of the tvo experiments arc summarized, and perhaps made clearer, 
in Diagram 3 


Diagram 3 


HRST 


SFCO'® 

EXPrniAVENT 


t:xpr 

THYMOms 

THVRCKttX 


uvr« 

HlDNrvS 

SPUCCHS 

X fiffl-fv 

i nan 

1 umiv 

1 iifun 

1 iimiv 

i uuuv 

C O < D 

coco 

cn CO 

c n c D 

CD C o 

C D C 0 

10 10 

t 0 1 0 

1 O 1 o 

i 0 1 0 

L O 1 0 

1 0 1 0 
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In this diagram the mean differences of the weights of organs m the four 
batches from the weights which would be expected from the body-weights on the 
supposition that the conditions as to iodine and dirt had no influence, are expressed 
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as percentages of tLe mean weight of the organ in question The conditions are 
shown at the top of the diagram using sjunbols — 

C=living under liygiemc conditions 
D=]mng under unliygiemc conditions 
I=recemng iodized water 
0=not receiving iodized water 

The differences vhich are statistically significant (P= pei cent) are shown 
at the bottom, those which are only piobably sigmficant (P=5 — 10 jier cent) 
being enclosed in brackets 


Conclusions 

The statistical analysis of the data given in Tables I and III shov them to be 
compatible with the following conclusions — 

(1) The unhygienic conditions of life under vhich certain of the rats lived 

gave rise to enJaigement of the thyroid gland 

(2) The provision of additional iodine in the diet prevented this enlaigeinent 

(3) Unhygienic conditions of life also caused enlargement of the spleen, 

but this enlargement was uninfluenced by the jnovision of additional 
iodine 

(4) Rats living under liygienic conditions of life and receiving additional 

iodine had smaller livers than those living under unhygienic condi- 
tions and not receiving additional iodine 


(1) Donaldson, H H (1924:) 

(2) McRobert, G R (1928) 

(3) PiSHEK, R A (1928) 

(4) Newoomb, C (1928) 


REFERENCES 
‘ The Rat,’ pp 209, et seq 

On the Size of the Spleen hid Jour Med Res , 
Vol XVI, pp 553—556 

‘ Statistical Metliods for Research Workers ’ Chapter 
IV, pp 76—98 

On the Interpretation of Nutiitional Experiments 
Ind Jour Med Res, Vol XVI, pp 537 — 643 



TITE IXELUEN'CE OF LHrE IX FAVOUEIXG THE PRODUCf- 
TIOX Oy STOXE-IX-TJlE-BL>y;DEE IX RATS 


n\ 

Coi ONLL E McC VRRISOX, oil k ii p , m d , r r c p , i m s , 
Dirtcior, NutiUwml RcscaicJi I R F A , Paslcui Inslilute, Coonoo), 
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[ UccLived tor publioation, October It, 1029 ] 

I^ order lo nsccrUnii whether lime exercised .mi influence in favouimg the 
production of AC'-ica! calculus the following experimcntb w ere carried out — 

1 Twcntv-four joung rats were fed on an exclusive diet of white flour 

and distilled water ad libilum 

2 Tw ch c voiiiig rats w ere fed on i diet consisting of 95 p.arts of w hite floiu , 

5 parts of niaunite and tbstilled watei ad hbitum 

3 Forty-eight vouiig lats were fed on a diet consisting of 97 parts of ivhitc 

bread, 3 puts of dried yeast ind distilled watei ad hbUiim 

4 Twenty-four young lats were fed on a diet consisting of 97 parts of white 

lire id, 3 p.iits of diied ] cast and distilled water ad libitum, 5 gr.ains 
of slaked lime being added to eacli 20 grammes of the ration 


The results of the experiments were 

as follows — 



Diet 

Number of 
animals fed 
on diet 

Number of 
cases of 
stone 

1 

i Percentage 

1 incidence 

1 of stone 

1 

White flour only 

24 1 

2 

83 

White flour and marmite 

12 

1 

83 

White bread and dried yeast 

48 

8 

16 6 

White bread, dnod yeast and lime 

1 21 

9 

42 8 


These results show that 

(1) An exclusive diet of w'hite flour and distilled water is capable of causing 
vesical calculus m rats , 

( noi ) 
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(2) The addition of vitamm B, in the form of marrmte or dried yeast, to 

the white flour diet causes no appieciable difference m the incidence 
of stone , 

(3) The fuithei addition of June causes an increase in the incidence of 

stone which, statistically spealang, is very significant 
These results are to he contiasted with those of a previous expenaient(l) 
in which 24 young rats were fed on a complete diet contammg the substances lack- 
ing in the diets used in the piesent experiments suitable protein, fat-soluble vita- 
mins and vitamin C provided in the foim of mdk, butter and green vegetables 
In addition to the complete diet the animals consumed 7 to 10 grains of slaked 
lime daily during a period of eight and a half months l^one of them developed 
stone It may be concluded, therefore, that the favourmg effect of Imie on stone- 
formation IS not exhibited when a sufficiency of smtable proteins, fat-soluble vita- 
mms and vitamin C is present in the food There is no evidence, from preiuous 
expeiimental woik, that eithei vitamin-free piotein or vitamin C exercises any 
piotective action agamst stone , so fai as is at present known this action appears 
to be confined to vitamin A 

The average calcium-content of bladder stones in lats not receiving lime was 
found to be 1 2 per cent (dry basis) , that of giavel removed from pyonephrosis in a 
lat which received lime was 38 4 per cent In the latter the Inne was present, for 
the most part, as carlionate The average oxalate-content of vesical calculi in rats 
not leceiving lime was 0 8 pei cent (dry basis) , that of giavel removed from 
pyonephrosis in a lat which received lime was 9 4 per cent(2) 

Conclusion 

The ingestion of lime in excess of lequirements, by rats fed on a diet deficient 
in smtable protem, fat-soluble vitamms and vitamin 0, exercises an influence which 
IS markedly favomable co stone-formation 

This conclusion is m conformity with the widespread belief that the long 
continued consumption of hard water is favourable to the foimation of stone It 
would seem, however, that the excessive mgestion of lune will not exercise any such 
effect in the presence of a properly constituted diet 

REFERENCES. 

Ind Jour Med , Vol XIII, p 817 
Ibid, this issue 


(1) MoCahbisok (1926) 

(2) Newcomb and Raxganathak (1930) 



THE RELATIVE POTENCY OF CERTMN CEREAL GRAINS IN 
FAVOURING THE FORMATION OF STONE IN RATS 


BY 

CoLO^EL E JiIcC/VEEISON, oil, Kiir, md, rnop, ims, 

Director, Nutritional Research, I R F A , Pasteur Institute, Coonoor, 

S India 

[ llccoivcd for publication, October 14, 1929 ] 

As IS ■ncll knowu, stouc-m-tlic-bladdcr is much commoner m certain parts of 
India than in others It is, in general, most prevalent amongst the wheat-eating 
races of the north and rolativ cly rare amongst nce-caters of the south It seemed 
possible, therefore, that the dihercnt cereals m use m different parts of India might 
vary in their capacity to favour the formation of stone This supposition was 
strengthened by observing that when oatmeal — the mam constituent of my 
original stone-producing diet{l) — ^vv as replaced by v\ hole wheat flour (a«a)(2) there 
was, statistically speaking, a significant lucicasc in the incidence of stone amongst 
the experimental ammals Accordingly, an cxpermient was devised to determine 
the relative stone-produemg potency of fom of the chief cereal giams in use in India 
wheat {Tnticum vulgare) , millet or ragi {Eleusine coracana) , nee {Oryza sativa ) , 
and cambu or bajn {Painisetum typlioideum) Owing to limitations of space and of 
the number of rats of the reqmsite age available for the work it was not possible to 
deal with more than four cereals at the same time Other important food grams 
— ^maize and cholam — had of necessity to be omitted from the mvestigation 

Each of the four giains formed the basis of an experimental diet , in other 
respects the four diets had the same composition This was as follows — 


Cereal gram (wheat or millet oi rice oi cambu) DO paits 

Gmgelly (sesame) oil y paits 

Calcium phosphate 1 part 

Sodium chlonde .. .1 part 

Distilled water ad libitum 


One hundred and twenty-five young rats were used for the experiment 
57 males and 68 females All were of approximately the same age and body-weight 
at the outset of the experiment Each animal was confined m a separate cage 
under conditions of scrupulous cleanlmess Thirly-five were fed on ‘ the wheat 

{ 1103 ) 
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diet ’ , 30 oil ‘ t]ie millet diet ’ , 30 on ‘ the rice diet ’ , and, 30 on ‘ the camhu 
diet ’ The experiment was continued foi 515 days All the animals fed on ‘the 
A\heat diet ’ had died by the 351st day , all fed on ‘ the millet diet ’ had died by 
the 484th day , all fed on ‘ the iicc diet ’ by the 212th day , while of those fed on 
‘ the cambu diet ’ 16 n cie alive on the 515th day, when they were killed So far as 
capacity to sustain life was concerned camhu was the best gram 

Although stone-in-the-bladdei has been encounteied as early as the 33id day 
in rats fed on a stone-producing diet(3) this early appeaiance of the condition 
IS exceptional It is laiel)’’ found at post-moitem exammation before the 
twelfth week The period of survival of the animals has, therefore, to be taken into 
consideration in estimating the lelative stone-pioducing potency of the four cereal 
grams Of the 35 animals fed on ‘ the Avheat diet ’ 34 survived foi 12 weeks oi 
longer , of the 30 fed on ‘ the millet diet ’ 26 survived foi 12 weeks oi longer , of the 
30 fed on ‘ the rice diet ’ 22 survived for 12 weeks or longer , vlide of those fed on 
‘ the camhu diet ’ all survived for 12 weeks or longer 

The incidence of stone in the four groups is shoivn in the following Table — 


Table I 


! 

Diet 

i 

Numher 

of 

animals 
fed on 
the diet 

1 

1 

j 

1 Average 

I period of 
, survival 

1 days 

1 

1 

1 ' 

1 

Number 

1 of 

animals 

sumvmg 

for 

12 weeks 
or longer 

Number 

of 

animals 
found 
to have 
stone at 
post 
mortem 

Percentage 
mcidenco 
of stone 
in annuals 
smvivmg 
for 12 weeks 
or longer 

First day 
on which 
stone was 
found at 
post mortem 

Wheat diet 

J 35 

j 236 

34 

11 

1 

31 7 

181st 

Jlillet diet 

! 30 

j 263 

26 

2 

7 7 

1 

346th 

Eice diet 

j 30 

’ 114 

[ 

j 22 

2 

9 1 

169th 

Cambu diet 

1 

, 30 

’ 427 

30 

0 

00 1 


- 



1 






In Older of stoue-pioducmg potency wheat comes first and camhu last , millet 
and lice occup)nng an intermediate position well below that of wdi eat So fax as 
the incidence of stone is concerned there is no significant difteience between millet 
and nee but stone made its appeaiance earlier on ‘ the rice diet ’ than on ‘ the 
nullet diet,’ fiom which it would seem that rice is the more potent of the two in 
favouring the formation of stone The freedom from stone of the ammals fed on 
‘the camhu diet ’ is as remarkable as the superiority of this grain in sustaining 
life It had howerei a peculiar efiect not exhibited by the other grains that 
of causing Hydioys Tishk a matter dealt w'lth m another paper (page 1109) 

In ascending ouki oi stone-piodncing potency the four giams may thus be 
grouped as follows — camhu, nullet, rice and w^heat The sigiuficantly higher 
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inculciicc nf \c';iciil cilcnliis in wlienl-cnting than in nce-eating rats is m 
confo^nnt^ Mitli the liighci incuKmc of the chscasc in wlieat-cating than in 
ncc-eating race'' of liulii 

In a iircMous paj)cr(2) a contiisl was ii\oulcil between the btouc-pioclucing 
potenc} of whole wlieit flour {alfa) and oitnicai Of oO lats fed on a diet consist- 
ing of 0.1 parts of oatnu d it) ]) irts of linseed ino d, 25 parts nf cornflour, 1 part, of 
calcium ])hos]ilnt(' 1 ])iTt of sodium ddonde and distilled water ad JtbUnm i, 
orSjierceiit (haelojied stom while of ot) fed on <i diet of this composition in whicli 
the oitmeil w is leplaced b\ wholt wheat floui (alia) 11 oi 22 pei cent, dea eloped 
stone This diflerence is stitistic.dh siiiniflcant , whole wheat floui has therefore, 
a more potent influence than oatnieil in favouring the formation of stone 

It IS of interest to conti ist the incidence of stone in rats fed on whole wheat 
flour diets with tint in nts fed on whit* lloiii or white bicad diets the main defi- 
ciciica — that of fit-soluldc \it imins — licmg the same in both For this purpose the 
following icsuits, obtained in these i iboiatones, aic aaaiiable — 


Table II 


Diet 

Number of 
animals 
fed on 
diet 

Number of 
eases of 
stone 

Poreontago 
moidonco 
of stone 

While Hour onU 

21 2 

1 

i 83 

While flour 87 p^irls, oli\ c oil 8 parts ami niarmitc 

5 parts 

12 

■ ! 

83 

White flour and marmile (5 per cent) 

12 1 

1 

83 

White bread and dried yeast (3 per cent) 

48 j 

8 

16 6 


Taking the white flour iiid white bread diets togethei there are 12 eases of stone 
amongst 9G ammals, or an incidence of 12 5 per cent The highest incidence on 
any of these diets is IG 6 per cent and this is not significantly difterent from the 
others The lower incidence of stone in rats fed on these white flour or white 
bread diets, as compaied with that in lats fed on whole wheat floru diets is, how- 
ever, statistically significant , ind indicates that whole wheat flour is inoie potent 
to far 0111 the formation of acsical calculus than white floui This fact may have 
something to do with the diminished incidence of vesical calculus during the past 
50yeaisiuEuiopeancoimtries(G) a xieiiod coinciding w ith the gradually increasing 
use of ivhite flour It would seem that in the mamifactiue of white flour ‘ some- 
thing ’ favourable to stone formation is partially removed from wheat It must 
be emphasized, however that it is only wlien certain other factors are present 
in the food 111 insufficient quantities that whole wheat is capable of eiercising its 
stone-producing effect It has been shown in previous papers (4, 5) that rats, fed 
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on stone-producing diets containing a liigli proportion either of whole wheat flour 
or of oatmeal, aie aflorded complete piotection against the malady by the 
consumption of a sufficient amount of ivhole milk daily There are, therefore, 
protective substances (proteins and/or fat-soluble vitamins) in milk whose 
presence in sufficient quantity in the diet prevents the stone-producing action of 
some positive factor contained in whole Avheat 

It seems piobable that the relative stone-pioducmg potency of the cereals 
examined depends upon some of them requiring more of these protective substances 
than others whole wheat flour, for instance, requiring more than either rice or 
white floui' But the excellent food — ^vffiole wheat flour — ought not to be decried 
because of its relatively high stone-producing potency, when the fault lies rather 
m the absence from the diets contaimng it of a sufficiency of other essential 
substances Nevertheless, the evidence so far accumulated points not only to 
the important infliuence of negative factors in the genesis of stone but also to 
that of certam positive factors of which ‘ something ’ in whole wheat is one, and 
lime — as shown in another paper in this issue (page 1101) — ^is another 

It has recently been objected(6) in connexion with the use of rats for experi- 
mental work on stone that these animals are very prone to the disease , and the 
suggestion has been made that ‘ it would be a distmct advance if it could be shown 
that animals normally free from the disease develop stone when kept on a deficient 
diet’(6) Rats, at least in these laboratories, me normally free fiom stone An 
experience of several thousand post-mortem examinations of these animals has 
failed to reveal a smgle case of stone except m those that were deficiently fed The 
stock diet consists of whole wheat floui {aita) chapattis, sprouted gram, fresh 
vegetables (cariot, cabbage, etc ) and milk, with a small ration of raw meat 
occasionally This diet afltords my rats complete protection against vesical and 
renal calculus 

Summary. 

1 Cereal grains, when they form the bulk of the diet, vary in then: capacity 
to favour the formation of stone-in-the-bladder in rats In order of potency they 
exammed range themselves as follows — ^wheat, oats, rice, millet and canibu 

2 A diet contaimng 90 parts of cambu did not cause stone within a period 
of 515 days , whereas one contaimng the same amount of whole wheat flour 
(atta) caused stone m 31 7 per cent of the rats fed upon it withm a period of 
351 days 

3 Millet and rice have approximately the same degree of potency in favour- 
ing the formation of stone , both are less potent than oatmeal and much less potent 
than whole wheat flour 


* Since this paper was wntten further experimentation has shown that ntamm-free pro- 
teins do not protect agamst stone in the absence from the diet of a sufficiency of vitamin A 
— R MoC, 6-3-30 
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4 IMiitc flour IS less potenl than whole wheat flour ni favouring the forma- 
tion of stone in lats 

5 It IS onl} in the alscncc from the diet of a suflicieucy of ceitam protective 
substances (proteins’* ancl/or fat-soluble Mtainins) such as arc contained in whole 
luilk that the cereal grams arc capable of c\crcising a stonc-pioducmg effect 
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It will be noted that tbe animals fed on the cambu diet survived, on the 
average, mncb longer than those fed on diets having millet, rice or wheat as their 
basis It IS, therefoie, impossible to say whether the Bydrops ieshs was due to some 
property of, oi deficiency in, the cambu which was not common to the other cereals, 
or whether a prolonged period of time was necessary for the development of the 
condition , the cambu diet, probably by reason of a higher content of vitamin A, 
being the only one of the four diets which admitted of survival of the animals for 
this period 

The macroscopieal appearance of the dropsical testes is shown in Plate LXIX, 
fig 1 , the normal appearance is shown in Plate LXIX, fig 2 Hydrops testis was 
invariably bilateral the organs were enlarged yellowish in colour, tense and 
glistening, the vessels normally winding ovei their surface bemg no longer visible 
The weight of both testes ranged from 1 39 to b 60 grammes, or from 16 to 300 per 
cent above the normal weight of the organs in rats of the same body-weight(2) 
Their glistening, distended appearance and increased weight were due to distension 
of the cavity of the tunica vaginalis by pale, amber-coloured fluid having the 
characters usual to serous effusions 

Microscopically the seminiferous tubules were seen to be widely separated by 
the serous effusion lying between them (Plate LXX, fig 3) The tubules themselves 
exhibited varymg degrees of degenerative change some were to all appearance 
noimal (Plate LXX, fig 4) except foi slight disruption of their normally compact 
structure (Plate LXX, figs 6 and 6) , others were degenerated in lesser (Plate LXXI, 
figs 7 and 8) or gi eater (Plate LXXI, figs 8 and 9) degree Hydrops tesUs has not 
previously been encountered in these laboratories nor, so far as I am aware, has a 
similar condition been recorded in the literature although oedema of the testis has 
been described as ocjouxnng in rats fed on diets deficient in vitamin B In 
testicular degeneration due to deficiency of this factor the organs are usually well 
below the normal weight(3} uhereas m the condition under desciiption their weight 
was, in general, greatly increased This increase in weight was, however due solely 
to the accumulation of dropsical fluid , without the effusion the weight of the organ, 
as judged from its microscopical appeaiances, would have been below normal 
It IS possible that the excessive accumulation of flmd bore some relation [to 
the length of time the experiment lasted 516 days 

This condition having been observed in the course of an experiment designed 
for another purpose, it is not possible to express a definite opinion as to its causa- 
tion It seems not unlikely, however, to be a late manifestation of vitamin 
E deficiency 
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Plate LXIX. 



Fig 1 


Fig 2 


E-wlanation or Plate LXIX 


Hydrops icslts m rat fed on the cainbu diet for 515 days Weight of animal, 
152 grammes , n eight of dropsical testes, 3 i grammes 
Testes of healthy, vrell-fcd rat Weight of animal, 150 grammes , weight of 
testes, 1 5 grammes 



Explanation of Plate LXX 

Fig 3 Showing seminiferous tubules widely separated by serous effusion Piom a 
case of Hydrops testis in rat 

„ 4 Relatively normal semmiferous tubule fiom a case of Hydrops testis in rat 

,, 5 Seminiferous tubule from a case of Hydrops testis m rat , showing disruption 

of Its compact structure, but otherwise relatively normal 
,, 6 Seminiferous tubule from a case of Hydrops testis in rat , showing active 

spermatogenesis 
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Fig 6 


Fig 6 



Ex’ri \^ATIo^ or PrArr LXXI 

I'lg 7 Seintmleroit’; infiitle from i c'Jse of Hydrops (csUs in rit , showing 
commencing dogoiicntion of sjicnniticK 

„ 8 Seimmfciotis fiilmlc fiom a ci«e of Hydrops tcslis m rat, showing early 

degeneratuo cliaiiges in all tclluhr clomcntb 

„ 9 Dcgcncnting seminiferoub tubule from \ ense oi Hydrops tcslis m va\: 

„ 10 Complete degeneiition of stmiuiftions tubule fioni a cise of Hydrops testis 
lu rat 
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Part VII. 

CnioMT P AFcC VPRISON, oiT,KHr Mn.rncp.iMS 
Director, Nulnlional Itcscaich, I Ti F A , Pa'itcin Institute, Coonoor, S India 

f Ucccircd for publicfttion, November 7, 1020 ] 

Iv a pre\ ions poppr(2) it Ins boon roportccl tint llic addition of wliolc milk 
to a stoiie-producinp diet prcicnts the foiniation of iiiinai} calculi in rats The 
purpose of the present paper is to iccoid an evperimcnt, the results of which 
indicate that butter c\ercises a like piotectne aetion apainst this disease 
A group of 24 \oung rits (12 males and 12 females) w'ere fed on the diet 
originally employed(I) for Ihe piodiiction of stone in rats This diet consists 
of oatmeal 53 paits, coiiifloui 25 parts, linseed meal 20 paits, sodium chloiide 1 
part, calcium phosphate 1 part and distilled water 

A second group of 24 young rats (12 males and 12 females) wcie at the same 
time, fed on a diet of similar compo=it’on but in which the linseed meal was re- 
placed by butter In all other respects the expeinnental conditions were the same 
in both groups 

The experiment, begun in the spring of 1929, lasted for 211 da} s 
Of the 24 animals fed on the diet ^oitliont hutlei 7, or 29 j^ei cent, w ere found 
at post-mortem exammation to have urinary calculi (Table I) Of the 24 animals 
fed on the diet with bii/tei none w ere found at post-mortem examination to ha^ e 
urinary calculi (Table II) Statistical!} speaking, the odds are, therefore, more 
than 100 to 1 in favoui of this result being significant , and it may be concluded 
that the replacement of the linseed meal by butter afforded the rats piotection 
against urinary calculus 

Details in regard to the 48 animals used in this experiment aie given in the 
annexed Tables Eroni a study of them it will be seen that not only did the re- 
placement of the linseed meal by butter afford the rats protection against urinary 
calculi but against the anaemia, the gastro-intestmal disease, the asthenia and the 
broncho-pneumoma from one or other of w'hicli certain animals, not receivmg butter 
suffered and died 
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Giving details legaiding 24 lats fed on the oatmeal diet without buttei 
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The Experimental Prodmiion of Stone-in-the-Bladdei . 

Table II. 

Owing details leganhng 21 lats fed on the oatmeal diet with butter 


Number 

of 

Animal 

Se^ 

Ongmal 
! body 

1 u eight 

1 grms 

i 

Final 

1 body- 
1 weight 

1 grms 

( Cause of 
j death 

^ Days 

1 under Vesical 

1 expeii calculus 

1 ment 

1 

1 Dilated 

ureters Diseased Renal 

' hidneys calculus 

Cystitis 

2411 

' M 

1 

' 33 

1 

* 113 

Pneumonia 

136 


2412 

F 

32 

172 

! Killed 

211 

1 

2413 

( 1 

M I 

33 

228 

j luUed 

211 ' 

j 

' i 

2414 

F 

34 

129 

Killed 

' 211 

• 

2415 

M 

33 

208 

1 Killed 

' 211 

1 

2416 

I 

F 

12 

119 

1 Kil'cd 

j 211 

1 i 

2417 

M 

35 

163 

Killed 

• 211 

1 


241S 

F 

19 

128 

1 Killed 

j 

I 

i 211 

. 1 

2419 

M 

36 

1 214 

Killed 

1 

1 211 

1 

2420 

F 1 

38 

126 

' Killed 

i 211 I 

1 1 

2421 

Af 

32 

223 

1 Killed 

1 211 ' 

1 

2422 

1 F 

38 

148 1 

! KiUcd 

211 1 

^ ( 

2424 

' M 

33 1 

200 ; 

^ Killed 

1 -in 

f 

2124 

1 1 

38 

143 

Killed 

1 211 

I 

2425 

1 Jf 

32 

192 j 

Killed 

1 

211 , 

, 

2420 ! 

F , 

31 1 

135 1 

Killed j 

211 

f 

( 

1 ' 

2427 

M 1 

1 

33 ' 

231 i 

Killed 1 

211 

1 

1 

2428 

F ' 

35 

122 

Killed 1 

211 . 

1 

2429 

M 1 

33 

222 

Killed 

1 

211 

1 

1 

2430 

F 

37 

135 

Undiseowcred 

171 , 


2431 

AI 

32 1 

1 

169 

Killed 

211 

1 j 

2432 

F 

32 , 

142 

Klled 

211 1 

i 

1 ' 

2433 

j\r 

31 i 

I 

116 1 

Killed 

211 1 


2434 

F ! 

35 1 

102 j 

Killed 

211 j 

I 

1 


Conclusion 

A libeial sxxpp])’’ of buttei in a diet, composed of oatmeal, cornflour, sodium 
chloride and calcnmi phosphate pi events the formation of urmary calculi in rats 
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Introduction 

CONSIDERINC that the mosquito is m a measure an amphibious insect it appears 
surprising what little regard has been paid to its moisture requirements relative 
to its behaMour towards man Only recently has there been a definite protest 
against the attitude of regarding the tempciaturc relationships of malaria transmis- 
sion as all sufficient and significant The excellent uork of Jansco (1904-) on the 
temperature requircmcrts of plasmodial dcaclopment in the mosqiuto has always 
been considered as ample criteria, a working model, for meteorological reaction 
This work has been quoted lepcatedly without regard to other meteorological factors 
functioning m successful conveyance of malaria An appreciation of the habits 
and reactions of the insect carnei becomes increasmglv desiiable This has not 
been lo'st sight of b} the ‘ contiol workei ’ who has taken substantial due fiom the 
insect’s biolog} availing himself of a knowledge of ^■ulnelab]e points in the life- 
historj and habits of the mosquito 

The earl} work of Bacot (1916) and Pierce (1916) probably laid the foundation 
for the newer researches m a rational mterpietation of insect behaanour tow ard its 
environment This was applied specifically in medical entomology by Gill (1921) 
and Buxton (1923), so that the way is unimpeded foi a coirect evaluation of insect 
reactions m their adaptations to tropical medicine and the human host 

Othei authors who have recognized a coi relative factor m humidity are 
mentioned as follows — 

Hodgson, E C , and Barraud, P J (1919) state that the mosquito m spite of 
being cold-blooded does not In e at the temperature of the am, but at oi about the 
teraperatuie of the w’et bulb tlieimoinetei in the liygiometei It is desciibed 
by them as a moist insect piotected by a thick impervious cuticle tiaveised by 
innumerable thm-w ailed tracheae These are in diiect communication with eacry 

( 1119 ) 
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cell and also -witli the outside an thiongh the spnacles , thcrefoie, OMong to the 
evaporation taking place thioiigh these au tubes the temiieratiire of the mosquito 
must be at oi neai that of the wet bulb theimometei placed in an analogous 
situation 

Buxton (1923), alluding to the seasonal pievalence of an insect, lemarks that 
the tuo factors temperatuie and humidity, must be considered together , they are 
observed to inteiact on one anothei, and cannot be discussed indeiiendently In 
fact, a ceitain teinpeiatuie is only optimum at oi about a certain relative humidity, 
and undei other conditions of humidity that temperatuie may be fai from 
fa^ oiirable 

Necheles (1925) lefeii mg to the mfluente of humidity on the habits of AnojdieJes 
macuJipennis obsei\es that this species in its habit of flying only at certain 
houis of the dav and its choice of hibeinating places is laigely dependent on the 
hnmiditv and temperatuie of the enviioninent He explains that, placed in high 
tempeiatures, mosquitoes louei then body tempeiature by evaporating vatei, and 
therefore an an humidity above oi below ceitam limits creates unphysiological 
conditions 

Chapman (1926) wiites that the diy bulb temjieiature of the air is not 
a reliable index of the insect’s envnonment IMien temperature and humidity 
are combined, the 2 oaes of eqval effect aie much moie reliable He states that 
the effect of extremes of tempeiartuie is modified by the moisture conditions of 
the organism 

One can draw' an analogy between the blood-sucking mosquito which when 
blood engorged, has an internal huniidity of 100 per cent and is not influenced so 
readily by changes in external relative humidity, and an insect which feeds on the 
sap of jrlaiits The latter, w'hile the host plant fuinishes an abundance of dilute 
sap, may be relatively independent of the direct eftect of the humidity of the an 
Desiccation is jiiobabl}'’ more severelv felt by a starved or partly engorged mosquito, 
judging from experiences in numerous feeding tests 

Wenyon (1926) considers that there is no evidence that the factor of the eftect 
of humiditv of the atmosphere plays any part on the active development of plasmodia 
111 mosquitoes Provided there is sufficient moisture m the air to enable the 
mosquito to live, the iiidlana paiasite wull derelop normally He regards tempera- 
ture as a much more impoitant factor than humidity, and refers to Gill (1921) wdio, 
horvermi, has pointed out that the spread of malaria may be aflected by the lack of 
humidity, because the mosquitoes which ingest parasites may not live long enough 
for sporozoites to appear m the salivary glands 

As pointed out by Beattie (1928) there are definite boundaries of tempeiature 
and humidity rrhich limit the metabolism and activity of insects An optimum 
range is accepted as the degice of atmospheric humidity most farouiablo to the 
maximum rate of metabolism foi each insect The ‘rratei optimum ’ of Headlee 
quoted by Beattie indicates the i elationship of the insect to humidity indejiendent 
of the factor of the body flmd being above this ojitimum or belorr 
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'I'ho i'. fioiuiil uiioiipst nitlioib llial if tlio conditions of rcLitive 

lnnnidit\ iro fnoni ihlc foi tlio iniintoninco of lift* of (he insect host the require- 
ments of liiiniiditi ai( '-iti'-fied is reuirds niiliiiii infeclniti Neiiinann (1909) 
niodilies this Mew (indinii in Ins e\])t rinu nts witli Cnlci pipicns and Slcgoinyia 
fu'^cuila (hit if (hi liiiiniditc is low end to ihoiit 10 jiei cent the development of the 
c^sts is prolon^id fm it leis( (wo di\s I nfoitnnateh the temperature is not 
stitid and In writes So it enis tint a di\ atmospliere isrelatnely unfavourable 
to (hi infection of iiio^ijiiitoes 

toil (1928) Miti" finilla tint in impoit int conclusion derned fiom an experi- 
nuntilstmh w is tint tin diuru of itmosphnic hiimiditi jiiOMclcd it was fac our- 
ihle t ) (hi lifi of tin iiisirt host did not ijipeii to exercise an\ influence either on 
tin niimbii or tin i iti of dt \ (>Iopni( iit of niilirn oocasts in the midgiit of the 
iiio-qnito Uiimidita then ixncises no diicct eflect upon the malaria parasite 
duini'i its cxtii corpoii il jilim 

AMnii tin itmos|ihei ic humidita f ilK lieloaa the critical’ figure (a constant 
relatia e hiimidita of IS percent ige it i liinpciitiiie of 27°C in the case of 
C falxpin'^) Gill found that infected iiio>-qiiite)es do not siiiaiae long enough to enable 
them to tniismit infection It w is "hown that aahilst infected and uninfected 
mosquitoes le icted in i siniil ii muimi to itniosjiliei ic stites the temperature 
and liiimidita conditions conipitible with the tr insmission of malaria aaere confined 
to a more re-tneted niigc tli m those fiaoiiiible to the bionomics of the insect 
ciiiiei 

The foregoing remaiks of Gill cpitomire essentnlly the pertinent references 
soraiiur the jmipose of (lie |nesen( jiipei Tlic piescnt iiia cstigation aaas directly 
'-timiilited ba the woik of Gill in Indii aaliose usnlts haa e been substantially con- 
fiinicd iiid extended Ills expirimcntil diti (Gill, 19216) are summarized in 
Table I aahich includes taao senes of figiiies gioiiped as shoaan for the sake of 
comparison of lesiilts 

Ppoci DUnt FOLLOW LU IN TIIF FRESLNT EXPERiaiENTS 

The method adaocitcd bv Gill of keeping expeiimental mosquitoes inside 
glass bottles supplied aaitli laisiiis and gicen taaigs, m a ‘ mosquito hotel,’ aaas not 
emploaed Here oiila’’ one end of the container was coa^ered aaith cotton net, hence 
the desiccated an could not freely ciiculatc I pieferred the use of small bulbous- 
shaped lantein globes aaith both open ends coaeicd ba' coarse meshed cotton netting 
held with elastic bands (Plate LXXII, fig 1) Each of these confined three 
specimens of mosquitoes and as many as 200 globes placed side by side aaith both 
ends iinobstnicted could be accommodated iii the large sized loaa temperature type 
incubators The control specimens, maintained under optimum laboratory condi- 
tions, w ere kept in simil ir glass globes on their sides (PI ite LXXII, fig 2) The w et 
and dra bulb theimometers aaere placed in the midst of the containers and in actual 
contact with the glass sides of the cages AMien more than one tray aaas required 
in the lucubatoi special draaa ers made of coarse meshed w ire netting avere employed 



Explanation or Plate LXXII 

Fig. 1 Type of glass cage (x 1}) with raisin held between layeis of netted cloth 
used for exposure of mosquitoes to desiccated atmosphere 
,j 2. A — ^Lantern globes laid on their sides foi expeiinients with mosquitoes where 
maximum desiccation was leqiured 

B — Similar glass containers proiided with moist j>ads in moist hnt hned 
trays used when the maximum of humidity is desu’able 
„ 3, Inteiioi of incubator with two wiic trays coieied with glass cages arranged 

foi exposure to fumes of sulphuric acid m glass lesiccatoi 


( 1122 ) 
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to support tlic glubS cngcsj n wot lud dr\ bulb tbcnnometcr bcmg placed m 
cacli draucr (Piste LXXII, fig 3) 'J’hc leadings ucrc taken twice daily, 
approMimteh at 7 am .nid 8 p ni 

Owing to the teiidenci of tlie e iged birds to atl ick the mosquitoes within 
reach and the con'-equent wliolt'-ile de ^(ruction of the insects it was found iiecessai^ 
to rciuoie them is soon a^ jir leticable aftii engoigement At fiist masks foi the 
cics of the biul nul g.iu/t lundauis to lendci the sp.iriow helpless wcie used, but 
finilli 1 more praiticiblc method was emphned 3 lie mosquitoes kept for one 
to two dns iftcr emeigeuei m laigi netted 1 intein chimiicjs, weic qilaced m the 
feeding cige it i conxeuKiit time m the e\enmg The bud oi birds in small cages 
mule of wire nulwiekcrweie))! leid at the other end of the long feeding cage After 
dirk, when the buds weie in Kjtosi in arm was tliiust thiough a slccic in the cage 
ind the netted tojis of the chmineis weie remoied with then elastic bands thus 
liberating the mosquitoes 8e\eiil wet cloths iveie placed around the outside 
cigc and till whole coeered with i heaw daik material The latter expedient was 
for the purjiose of jiroteeting the aigormd mosquitoes within reach of the awakemng 
birds in the e irh morning hours 3'he cloth co\ crings w ere taken ofl m the morning, 
the bird cages caiitioush icnio\ed and the engorged mosquitoes collected in indivi- 
dual glass tubes tliioiigli i slee\e in the feeding cage and then transfeired into 
suitable globes 

Clieniicalh puie sulphuric icid w is used at fust in eonjunction with calcium 
thlondc then without the iattci for reducing the moistiiie content of the incubating 
chamber® It w.is found by ictiial test that it was safe to emploj as much as six 
pounds of siilphniic acid in an opeii%osscl in in mcubatoi of cubic content less than 
three feet This confirms Gill’s exiieiicncc m mosquito desiccation tests and follows 
the accepted piocediirc of othei biologists Stes ens (1910), in devising a method for 
studying the humidity relations of fungi m culture, states — ‘ Other hygroscopic 
substances might be used to maintain a constant humidity, but sulphuiic acid is 
com enient to use and so slighti} ^ olatile that it apparently does not afiect the grow th 
of the fungus ’ 

At the beginning of the liumiditc tests mosquitoes were placed m netted glass 
lamp chiinnejs on wooden trays lined with moistened lint This ivas discontinued 
after demonstrating that the moistuic thus umntentionally introduced when the 
mcubatoi w as filled w ith tia} s made a difterencc of 3° to 5° in the cvet bulb thermo- 
metei, causing an actual rise of 12 pcicentage to 20pciccntage in relative humidity 
Subsequently the incubators were provided with wide mesh wire tiays m place 
of the w'ooden ones and the glass cages weic placed on their sides with both netted 
ends exposed to the action of the sulphuric acid 

It was found m practice that mosquitoes exposed to such conditions of 
maximum desiccation were unable to suriive for more than 36 hours The 
method of Gill was therefore adopted of furnishing the essential moisture hy 
giving the caged msects a ‘ drink ’ of water from a cotton gauze sponge held against 
the netting from the outside Three to five minutes were therefore lost m the 
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daily record of each lot of specunens exposed to the humidity tests on account of the 
necessity of removing the cages foi the puipose indicated 

Tabulated results of experiments 

Table I represents the experimental data published by Colonel C A Gill on 
humidity affecting C fatigans and PI p)a;coT 

Table 1 


Sicmma)y of GdVs erjm wiental data 


„ 1 
Percentage | 
range, mean 
relative 
liumidity 

Mean tempera- 
ture range 

Number of 
specimens 
used 

i 

Xumber 

&nr\iMng 

Number 

infected 

Number of 
days 
exposed 

1 


Senes A Infected C fatigans 


100 

[ 77 1—83 6 

15 

13 

13 

5—8 

83—89 

78 8—83 9 

82 

65 

49 

5—10 

60—61 3 

1 80 6—82 4 

32 

23 

10 

7—10 

48—48 3 

! 78 8—81 5 

20 

9 

7 

10 

46 4 

79 8 

11 

2 

2 

5 

42 0 

80 6—81 7 

21 

[ 1 

1 

0 

40 4 

81 9 

8 

1 0 

0 

5 


Senes B Non-infected C fatiga 

ns 


87 0 , 

81 5 i 

20 

16 


' 10 

86 6 

85 1 1 

80 

35 


5 

65 0 1 

85 1 

80 

21 


5 

48 0 1 

77 4 1 

20 

0 


3 

45 4 

79 4 

20 

2 


5 

40 6 i 

81 0 

80 

0 


5 


Summaiy of Table I 

The experimental data of Colonel Gill’s article are arranged foi convenience 
by me m 2 series of tables depending on the factor of the piesence or absence of 
malaria parasites m the mosquitoes 

In Series B at relative humidities under 48 percentage only 2 specimens of 
C fatigans survived as long as 5 days (long enough to insure Proteosoma infection) 
Whilst of 180 specimens exposed for 5 to 10 days to relative humidities of G5 percen- 
tage and above, 72 mosquitoes, or 40 pei cent suivived 

In Series A, 40 specimens of 0 fatigans veie kept for 5 days after biting 
malaria-infected buds Three of these suivived at relatnm humidities under 
48 peicentage and p]o^ed to haiboiu malaria parasites At 48 peicentage of 
relative humidity, 7 out of 9 suivivois kept fur 10 days showed plasmodial infec- 
tion Above 60 percentage of relative humidit}’' 101 mosquitoes lived for 5 to 
10 days, of which more than 71 pei cent (72 specimens) proved infected 
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I Invo undo u\ cfTort lo duj)Iii do ilio tssontnl faotois icpoitcd Gill in liis 
c\pcri'ucuG f'nmiiinu rimlnli sjnirow' t ipfiiiod locilly were cmplo^ed to infect 
1 m\on imiiibf I of IumI fiom lini Tlio p.iiasitc cniplo\ecl was 

piOMMoinlh uUnlifnd n (Gi n‘-i and Felctti, 1901) 

Taiiii II 

Bcacdon of C fifimin to i at toil', huntiditit •< at tcnipriaiiircs timlci S0°F 




. — 

y 


c 



=: 


" 

u 

O — 

U ^ 

w- 


c 

*c 2 

-1 

k. ^ 


t! 

c 

C '* 

O u 

- 

J ^ 

5 ^ 

? 

S o 
? 

iC— 39 

50 

02—03 

3—5 

02 

41—42 

53—59 

00—73 

12—10 

103 

11—40 

55—59 5 

07—72 

10-1 f 

114 

47—48 

50 — 51 

00—01 

11—19 

121 

49—50 

02—05 

74—75 

14—21 

29 

j 

51—55 ' 

1 

52—55 

00—05 

19—23 

70 

1 

58—04 1 

55—59 

1 03—00 

15—21 

08 

60—02 

08—70 

78—79 

12—14 

101 

70 — 75 

1 

57—01 

1 

01—09 5 

7—12 

98 

84—85 

58—01 

00—04 ' 

11—15 

42 

90—100 

76—79 

1 

77 0—79 

10—12 

1 

31 


t. -J 

•r n 

S O 

c c 

J 

T O 

o «- 
C ^ 

s ^ 

'p 

1 \tcnt of parasi 
tism 

1— s 

0 

Absent 

J oo 

4 

Immature pigmented 


3 S 

ooc\sts onh 

1—20 

77 

00 Mith sporozoites 


07 5 

and ouc^sts, 11 
ooejsts \nnou8 

stages 

1—20 

2 

Half grown pigmented 


1 0 

ouL^sts onlj 

1-135 

20 1 

3 with ooovsts only. 


89 0 

23 with sporozoites 
anti ooejsts 

1—37 

1 

Young pigmented 


13 

ooejsts onh 

1—5 

o o 

1 Absent 

1—200 

74 

All with ooeists and 


73 2 

1 sporozoites liglitlj’ 

1 infected 

1—19 

05 

1 Ooevsts and sporo 

1 

00 3 

zoites moderate 

numbers 

1—48 

2 

1 — ooejsts and spo 


4 7 

rozoites , 1 — pig 
mented o o c j s t s 
onlj 

1—140 1 

30 

Oocj'sts and sporo 

1 

90 8 

zoites in great 

1 


numbers 


Sutumaiij of Table II 

At temperatures under 67°F and at varying linmidities infection resulted in 
only 3 examples of C fattgans out of a total of 399 These w ere observed up to 24 
days 
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At relative humidities from 36 peiceiitage to 42 percentage only 4 specimens 
survived to the stage of mfection out of 195 mosquitoes fed on heavily infected 
birds These infected mosquitoes were observed to harbour a few immature 
pigmented forms 

At temperatuies up to 72®F and lelative humidities of 44 to 46 percentage 
the minimum effective lange was recorded Out of 114 specimens fed on a heavily 
infected spariow 77 specimens 67 per cent, became infected the majoiity of them 
with spoiozoites 

Infection resulted at lelative humidities above 48 percentage providing the 
diy bulb temperatuie registered nearly 70°F and above Of this batch 195 speci- 
mens out of 259 fed (75 pei cent) became infected 

In like raannei I have collected the lesults of similai tests conducted at teinpeia- 
tures above 80°F and placed them in the following table — 


Tablk III 


ReaUton of C fatigans lo vanous kvi)ii(h/'ies at fempoalioes above 80°F 


Humuhty range 

Wet bulb thermo 
meter range 

Drj' bulb thermo 
meter range 

Number of days 
developed 

Number of mosqui 
toes applied 

Gametes per field, 
bird’s bloods 

Mosquitoes infected 

Per cent infected 

Evtent of parasitism 

1 

40—42 

67—77 

80—87 

1—4 

128 

1—16 

I 1 

0 ■ 

1 

1 0 

I 

Absent 

42—43 

66—77 

80—96 

2—3 

112 : 

[ 

1—13 

2 ' 

1 ' 

! 17 

1 

A few pigmented 
oocysts only 

44—46 

67—76 6 

i 

81—93 

I 

12—16 

223 

1—185 

1 

91 

1 

1 40 8 

1 

23 with sporozoites 
and oocysts , 68 

with oocysts only 

47—48 

69—70 6 1 

1 

83—86 

13—20 

94 

1—19 

1 1 

1 1 

89 

94 6 

83 with sporozoites 
and oocj'sts , 6 

with oocysts only 

49—63 

72—74 

' 

! 85—87 

6—14 

*120 

1—72 1 

1 

101 

841 

82 with sporozoites , 
19 oocysts on]> 

65—68 

73—81 

1 

85—94 

16—23 

212 

1-8 s 

94 

44 3 

AU with spoiozoites, 
many with obcysts, 
vanous stages 

60—68 

70—74 

80—82 

7—12 

1 

74 

1—17 

69 

93 2 

1 

12 with oocysts and 
sporozoites , 57 

u ith sporozoites 

only 

3 with undischarged 
oocysts , remain 
der, sporo z o 1 1 e s 
varying f i om feu to 
swarmmg numbers 

70—78 

73—84 

80—90 

10—32 

189 

1 

1 

1—12 

180 

96 2 

i 

80—88 

80—82 

85—86 

12—18 

42 

1—18 

38 

90 4 

Numerous ruptured 
oocysts , sporo- 
zoites in great 

numbers 
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Siivnuntif of Table III 

"Mosquitoes fed on nlodcr^^el^ to In mix infected specimens kept foi a penod 
up to q2 di\s at tempei \tures of 80‘'F to Oti°]i' were dissected witli the following 
results — 

Below 12 peuentige lelntixe Iminiditx none hcLnme infected, although the 
128 speciuiens weie applied to a henih infected hiid 

One hundred and twehe specimens kept at 42 peicentagc rclatn e humidit}' 
sunned 3 dax s onlx and resulted in onlx 2 infections with undex eloped oocj'sts 

Belatixe huniiditx of fioni 11 to IG peicentage was obseixed to proxe the 
nnmmuin ofTectixe nnge under the conditions noted Of this senes 01 specimens 
sunning a ])criod of 12 to 10 dixs out of a hatch of 22‘3 spcciineiis (40 pci cent) 
hecanie infected 

Vhoxc 10 percentage lelitixe huiiiidilx a total of 731 spcciincns xxeie applied 
Fiillx 78 pei cent of tlie-'C a totil of ■>71 mosquitoes siirx'ixed to the stage of 
infection 

The optimum requirements foi mfee<ion ajipeiied to bo a box e GO peicentage 
rckatnehuniiditx and i dix bulb tempei atuie of 80°F to 00°F I'ndei these condi- 
tions a total of 307 nio'-qiiitoes sunning duiiiig a month’s tune aftci biting 
niodcntclx paiasitired sparioxxs resulted in an infection lale of nioie than 94 per 
cent 


The same procedure and a 2 )])aiatus detailed in the foicgoing e\peiiments were 
emi)lo}ed xxith species of Auopheh^ collected dining the months of Kox’embei and 
December 1928 The following table siiminaii/cs data of tests in humidities 
xarying as recoided at tempcixtmes undci G7°F 

Tablf IV 


Anophclc<i affected by Inaindilies at tcmpeiatiaes uiidei G7°F 
1 ' November DECEiiBEa 192B i 


Spcciee 

i 

Humidity 

range 

Wet bulb 
thermo 
meter 
) range 

1 

Pry bulb 
thermo 
meter 
j range 

[ Number of 

1 mosquitoes 

1 exposed 

ciifici/aciea 

38—39 

1 

1 48—50 

! 59 5— G2 

22 


41—50 

1 48 6—53 

80—62 

38 


61—55 

1 62—55 

61—64 

120 


57—02 1 

1 65—58 

63—65 

28 

subpicUts 

38—39 1 

48—50 

69 5—62 

210 


41—50 

48 5—63 

60—62 j 

218 


61—65 

62—63 

61—64 

421 


67—02 

65—68 

63—66 

119 


GO 6—84 

69— G1 

64—68 5 

130 

fuhginoatts 

38—39 

48—50 

59 5—62 

221 


41—50 

48 6—63 

60—62 

39 


61—65 

62—66 

61—64 

114 


67—82 

65—58 

63—65 

97 


Number ot 
i daj s surviving 


1— 3 

2— 4 

3— 4 
10—21 


1—2 
1—2 
5—8 
12—24 
10— 33 

10—17 

12—24 

9—30 

8—31 
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Species adaptation to eelative humidity 


With the limited knowledge at one’s disposal there is suggested a species adap- 
tation to meteorological reqmiements This is obtained from an experimental 
study of the mimmum effective relative humidity range And in a geneial way 
observations in Nature verify the experimental evidence, applicable only for the 
common Indian species so fai studied The lange of minimum relative humidity 
allowmg foi an infective jieriod at an optimmn tempeiature for functioning, may be 
stated as follows — 


Peicentage of relative 
humidity 
38-40 
43—45 
55—58 

57—62 


Species of mosquito 

Anopheles fuhqinosus 
Culex fatigans 
A subpictus 
A slephensi 
A ciihctfacies 


Probably the most definite in behaviour relative to meteorological adaptation 
are Anopheles fuliginosus and A subpictus The former affords the better example 
' A fuliginosus (in noith central India at least) survives the lowest temperatures and 
also resists the greatest desiccation of the early hot season In numerous mstances 
A fuliginosus was observed to be exceptionally abundant and it was the only 
species collected during the middle of Maich (1929) vhen relative humidities of 
16 to 21 percentage were recorded 


Does the malakia sporozoite remain viable in the estivating 

MOSQUITO ? 

To determine if drought followmg normal high lelative humidity will affect 
development of sporozoites, 151 specimens of C fatigans after biting a heavily 
infected sparrow were placed m smtable small cages and exposed to a mean relative 
humidity of about 80 percentage (wet bulb 80°, dry bulb 85°) foi a period of 10 
days , then with a loss of 4 mosquitoes 47 specimens were left undisturbed, and 
the remainder placed in a desiccating incubator at about the same temperatures 
with a relative humidity of 44 to 60 percentage for a period of a maximum of 24 
days That there is no influence on the life of eithei host or parasite is indicated in 
the accompanying table (Table VII) Conversely, se\eral tests indicated that 
mosquitoes enfeebled by a long period of debilitating low humidity u ere revived 
and behaved normally when subsequently maintained at a higher relative humidity 
This was obseived when C fatigans and A culicifacies subjected to relative humidi- 
ties of 50 percentage and 56 percentage respectively, irere removed and exposed at 
about the same temperatures for an appreciable time to mean relative humidities 
of 76 percentage and above 
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Cowpaji'foij of the cffLClt of (hoxqlit and (hat of high Intmuhlics on the 
in fiction of Q i ifigans 


SrroiMrvs rvrosri) to -1) to 00 1 1 it ' 
ervT miviniTi I 

Number of mo'qiii Xiimber 

toi.'j (li'^totcd infntc<I 

Dtj of 
CNporimcnt 

Costhol speciaiens at or ^^:AR 80 per 

1 CENT ntJMTDiri 

Xmiibtr of mosqiii mfectod 

toes dissected 

1 

O 

IJ 

1 


1 

S 

0 

IG 

i j 





17 

i 1 


2 



lb 

2 j 


2 

C 

1 

19 

1 



1 

1 

20 

1 


0 

i 

2 

22 




a 

t 

jj 

1 


2 



24 

= 1 


1 

11 

<1 

25 

4 


3 

5 

1 

20 

2 ' 


2 



27 

4 


3 

0 

1 

29 

2 


2 

13 

11 

30 



2 

9 

7 

31 

1 ^ 


1 

12 

11 

32 

3 


2 

3 

2 

33 

2 


2 

U 

10 

34 

13 


9 

Summanj of Table VII 


In exposing 100 mosquitoes to a mean relative humidity of 44 to 50 
percentage at mean temperatures of 84 to 87°F , 78 per cent became infected up to 
34 days At the end of this time 14 per cent of them were alive These were killed 
for purpose of dissection and examination 

A control series of 47 specimens which had up to 12 days previously been kept 
at the same humidity as the other lot weie subjected to a continuous high relative 
humidity of above 80 percentage Of this lot 72 per cent became infected At the 
end of 34 days 27 per cent remained to be disposed of These were killed and 
examined for evidence of infection 
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The infection rate in these two series proved that exposure to a desiccating 
atmosphere following a period of normal high humidity did not interfere with 
infection, as demonstrated by an exammation of dissected mosqmtoes 


Humidity reactions and biting stimuli 
Of crucial import is the stimulus affectmg biting of the host, without which the 
condition of parasitism m the mosquito is after all secondary The relations of 
temperature and humidity associated with the primary consideration of inducing 
blood ingestion should be well defined Eeferring to the literature, one’s impres- 
sions on this score appear hazy, and ivhen subjected to critical analysis may be 
regarded as inaccurate and stereotyped As the result of the intensive study of 
the insects’ behaviour wuth particular stress on humidity reactions and biting 
stimuli, one is inclined to become moie circumsjiect in the biological interpretation 
of a simple phenomenon Is not one justified in assuming that in the case of most 
mosqmtoes the stimulus to biting is provided by an environment of inci eased humi- 
dity in an optimum temperature rathei than by the absence of light or other factors 
to w'-hich this phenomenon has been ascribed ^ 

I had planned to conduct biting tests with species oi Anopheles and a human 
host, using a specially constructed desiccator at various relative humidities Tins 
project was dismissed for lack of funds, so one had resoit to experiments with 
birds and C fatigans The followung table (Table VIII) summarizes the results 
of ten experiments which were conducted with eight distinct batches of bred 
mosqmtoes employed 48 hours or more following emergence 

Table VIII 

Influence of lelatiue hunndily on biting stimulus of C fatigans 


Date 

Wet bulb 
reading 

Dry bulb 
reading 

Relative 

humidity 

6th July, 1929 

80 

95 5 

52 

6tli „ , 

74 5 

90 

49 

7tli ,, ,, 

7G 

91 5 

50 

Sfch ,, jt 

80 

95 5 

52 

12tli ,, if 

80 

92 5 

58 5 

14th. „ 5j 

86 

88 

97 

16th „ „ 

87 

80 

03 

19th 9 , if 

81 

88 

74 

20th ft if 

81 

8G 

81 

22nd 

80 

84 

84 



Number of 
mosquitoes 
blood 
engorged 

Batch of 
mosquitoes 
used 

0 

A 

0 

A 

0 

B 

3 

G 

12 

C 

73 

D 

122 

E 

42 

r 

36 

G 

32 

H 
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Summani of Tabic VIII 

The of these hitnirr tests satisfy m a measure the query as to 'whether 

mosquitoes (C fnliqaa<!) cau he luflucecl to lutein in atmosphere of rclatii c humidity 
in iihich the\ are unahlc to sur\ i\ c desicc ition following a blood meal The results 
mdicito that in the presence of n lel itncl) higli temperature biting does not occur 
at rclntno liumiditics under 52 percentage 

It must be pointed out thit in actual experiment \l proccdiiic a difficulty should 
be anticipated in regard to iceuralcK gauging the influence of the host’s body on 
the contiguous atmospheric huiuiditv Tins lna^ be indicated in a rough way by 
first measuring uith a slimi jisichiomcter the rclatnc humidity m a room, after 
which an animal m this instance a buffalo, is introduced After a few minutes in 
the presence of the animal the s|ing psichronictcr is used for a second reading 
The instrument is swung about the anminl s body as well as in tJiexoom generally 
I has c found in this cnide test an actual increase in relatii c humidity of 4 percentage 
Doubtless an increiscd number of animals would materially afiect the relatirre 
humidity of a confined space 

Another wa> (perhaps less cnulc) of demonstrating the effect of one’s body 
on the degree of relatnc lunniditv is b\ placing one’s ann close to the sensitive 
member of a hair In grometer and noting the rise on the chart of the revolving gauge 
I hare obsened during the dr} scison an increase of 8 percentage of relative 
humidity in a short exposure of this sort 

TEMrCl’VTURE REQUIRED TOR WTINC AXD THAT OF GA^1ET0GE^£SIS 

In a consideration of the actn c functioning of infectivity it must be stressed 
that relatnc humidit} per sc cannot be effective without constant reference to the 
dry bulb thermometer A Ingh relative humidity in tlic presence of low tempera- 
ture may be conducnc to stimulation of biting and yet be ineffective This has 
been indicated in the foregoing experiments Gill (19216) stated that a fall in mean 
temperature in spite of a concomitant rise in relative humidity may cause the 
cessation of infection 

I have personally obseri^ed instances of biting of anophelines at temperatures 
as low as SS^F in the presence of a high humidity , and Gill (1914) reports observa- 
tions m which A siibpiclus and A fiihgimsus were induced to bite at temperatures 
as low as 54°F 

It may be suggested that obsenmtions of this type are of real value and probably 
more significant than many laboratory tests conducted under artificial conffitions 

The tnelhekce of heat ok the life of mosquito akd on its 

PARASITES 

It was obseryed in desiccation experiments, that providing the humidity was 
favourable, mosquitoes could sumve 15 to 23 days at temperatures as high as 94'’F 
and in the presence of unfavourable relative humidity (42 to 43 percentage) for 2 to 3 
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days at tempeiatures as higli as In many instances tlie mosquitoes developed 

heavy infections and no deleterious eftect on the malaria organism was noted 

The thermal death point of the mosquito (0 fatiqans) was determined with the 
followang results 

At a zelative humidity of 55 to 57 percentage and at temperatures of 40°C to 
4:2°G (104°F to 107 6°F ) the mosquitoes Inmd for one to three hours 

At 43°C (109 4°F ) maintained for 30 minutes the mosquitoes ivere disabled 
but recoveied within twenty minutes, subsequently dying aftei one hour 

At 48°C (118 4°F ) the mosquitoes lived less than one minute The thermal 
death point may be regarded as about 45°C with a mean lelative humidity of 56 
percentage 

Living spoiozoites were recovered on dissection at the following temperatures 
42°C and 48°C In the formei the parasites appealed qmte normal in appearance 
and motility , at the higher tempeiatuie the glands examined proved heavily 
infected, the spoiozoites being packed in heavy agglutinating masses The motility 
though defimte was not typical , and from the hypertiophied appearance of some 
of the organisms an abnormal effect was demonstrated 

Discussion 

The question of the effect of relative humidity on the dissemination of 
malaria resolves itself into the question of the influence of temperature and 
humidity on both the insect carrier and the parasites it harbours We are concerned 
primarily with the minimum effective range on the life of the insect It has been 
demonstrated that if the lelative humidity inhibits the development of the malaria 
organism in a hospitable mosquito one must satisfy oneself that the tempeiature is 
effective for gametogenesis After this factor is determined one may be secure 
in stating that provided that the mosquito survives, the development of the plas- 
modia IS not interfered with whatever may be the degree of desiccation 

This principle cannot be applied to parasitology generally In one instance 
Cleveland (1923-1924) quoted by Brues (1927) has found that termites survive 
desiccation when their intestinal protozoan parasites are destroyed It was 
determined that the theinial death point of the termite host was as high as 48°C 
while its parasite succumbed to an exposure of 36°C temperature for a period of 
24 hours 

The important relationship of relative humidity to the biting stimulus in 
mosquitoes is defimtely impressed in the results shown The minimum lelative 
hunudity which induces biting in the mosquito is sufficient to permit of gametogenc- 
sis and subsequent development of the plasmodia ingested wath the blood by the 
insect host 

On the other hand the minimum temperature at which culicines will bite birds 
or that at which anophelines may be induced to bite man is substantially lower than 
that required for gametogenesis and further development of the mal'iria parasite 
imbibed by the mosqiilto 
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lu conclusion one may iinprc'^s the need for expression of relation of temperature 
ind Inunidifj to insect life iiid the paiasitc it harbours with a more intimate degree 
of icciincj One is inclniLd to endorse the views of Buxton (1928) who justly 
coinpl iins lint the grcit mass of data relating to climate in all parts of the world 
has been accumulated b^ piofessionai metcoioiogists whose objective is the study 
of the d) n imics of the ilmospherc This data is not a\ ailablc for the biologist who 
wants to know iboiit cbm ito as it alTccls man, nmnnl or plant Shade temperature, 
taken in a double loin red cage (Stc\ enson s screen), and ram measured in a gauge m 
the middle of an open spice, arc of slight interest to the medical biologist It is 
essential that wo studj' the conditions in the swamp, the forest and jungle, the 
ammal quarters and human Inlnt ilious \\ c must, moreover, study a gieat range 
of clunatic factors such as solar radiant heat, the seasonal incidence of ultra violet 
radiation, the inleiisitj of light, (he jner ilence ofibflcront types of rainfall And 
regarding the latter it is clear that an inch of ram falling in half an hour is biologically 
entirely diilerent from the same quantity of ram spread over 24 hours This he 
asserts is the biologist’s msioii of wbat should free us of a grave deficiency in 
knowledge m the past 

Finally one can discern that the important question of species sanitation in 
malaria control must mclude as of equal sanitary significance the meteorological 
conditions of species adaptation 


Summary 

In experiments with Culcx fatigans and oigauisms of bird malarm the 
raimmum eflectivc range of humidities jiermittmg of both life of the mosquito 
and viability of tlic imbibed malaria oxgamsm was observed to be 44 to 4G percentage 
m both senes of mosquitoes mamtained at tempeiatiues up to 72°F and at tempeia- 
tures above 80°F 

At relative humidities uiidei 42 percentage and diy bulb tempeiatures of 
73°F or under, out of a total of 195 mosqmtoes applied only 4 specimens w^ere 
induced to bite and these became infected At temperatures above 80°F at similar 
relative humidities none of 128 applied survived more than 4 days nor became 
infected At equal temperature and 43 percentage humidity two specimens of 
mosquitoes smwuvcd 3 days, showing incipient parasite development 

In similar tests with anophelines at temperatures under 67°F and relative 
humidities from 38 to 55 percentage A cuhcifacics and A suhjjictws failed to survive 
one week, while more than 200 specimens of A fuhginosus survived fully 17 days 
at a inimmum relative humidity of 38 percentage At temperatures above 80°F 
these three species failed to resist a desiccating atmosphere of 40 to 42 percentage 
for more than 24 hours 

At relative humidities ranging from 56 percentage and above at temperatures 
above SO^F and at relative humidities above 57 percentage and at temperatures 
below 67°F all three species survived from 1 to 4 weeks 
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The experiments on the eftect of relative humidity on the development of the 
malaria parasites in Anopheles suhpictus and A stejihensi resulted in sur\ ival and 
infection of 2 specimens of A suhpictus in 1 to 3 days at 39 to 42 percentage relative 
humidity and 4 specimens during a peiiod of 6 to 13 days at relative humidity 
of 54 to 59 percentage In the latter test, development in the mosquitoes iras 
earned to the sporozoite stage 

In the mstance of six specimens of A stephcnsi which succeeded in biting the 
patient, three of them during a course of 5 to 11 days at relative humidities of 
80 to 88 per cent demonstrated various stages of Plasmodian infection Only one 
showed a few gland sporozoites 

In these meteorological tests there was a definite result obtained indicating a 
species adaptation to relative humidity This consisted of an effective range of 
relative humidity allowing foi an infective period in the mosquito at an optimum 
temperature for functioning The following range of percentage of minimum 
relative humidity was established A fuhginosus 38 to 40, Gulex fatigans 

43 to 45, A suhpictus and A stephcnsi 65 to 58, and A culictfacies 57 to 62 

It was determined, for an mstivating period involving a relative humidity of 

44 to 50 percentage, that infected mosquitoes (C fahgans) survived for periods up to 
more than 3 weeks (24 days) These had been maintained at normal high humidities 
for 10 days previously Seventy-eight pei cent of these retained their malaria 
parasites during the period of enforced drought, contrasted with 72 per cent of control 
specimen, which remained infected through 34 days of the experiment 

The relation of relative humidity to the stimulus of seeking blood in the 
mosquito was tested The results of these biting tests indicate that biting does not 
occur at relative humidities undei 52 percentage even in the presence of high dry 
bulb tempeiatuies This demonstrates that this species of mosqiuto (C fatigans) 
cannot be induced to bite in an atmosphere of relative humidity in uhich it is unable 
to survive desiccation 
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BY 
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Fund Association 

(From the Kala azar Research Dcpaitnicnl, Calcutta School of Tiojiical 

Medicine and Hygiene ) 

flJcccivcd for publication, September 28, 1929 1 

LitUT -Colonel R N CiiorR\ ond his co-workers in the Pharmacological 
Department of the Calcutta School of Tropical Medicine observed that the adcbtion 
of a 4 pel cent solution of ccitain pentavaient compounds of antimony to the serum 
of a kala-azar patient caused complete coagulation of the sermn After this origmal 
observation Col Chopra and the senior writer each worked out a techmque for 
its application to the diagnosis of kala-azar The former suggested that a 4 per 
cent solution of antimony should be added to undiluted serum but the latter w'as 
of the opinion that the method was not sufBciently critical and suggested using 
a weaker solution of the antimony compound Later Co] Chopra, also findmg 
that his original test was not critical enough, suggested diluting the serum 8 to 10 
times with distilled water , by this means he found that positue results in cases 
other than kala-azar were eliminated The senior writer (Napier, 1927) suggested 
that by combining these various methods a quantitative test might be devised, 
the results of which, when considered m conjunction with the climcal picture, 
might give the clinician considerable assistance in arriving at a diagnosis Bose, 
Dastidar and Bagchi (1928), possibly foliownng on this suggestion, carried out the 
test using undiluted and two dilutions of serum, I in 5 and 1 in 10, and 3 strengths 
of urea-stibamine, 4 per cent, 2 per cent, and 1 per cent Unfortunately all then- 
cases were either advanced kala-azar w-ith a strongly positive aldehyde reaction, 
or controls consisting of patients suffering from some disease or injury which could 

( 1139 ) 
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not be mistaken for kala-azar, fractured clavicle for example, so that the results 
of the nme combinations were in most cases either all positive or all negative 
As the aldehyde test has always given entirel}’^ satisfactory results in the diagnosis 
of these long-standing cases, no advance was established by the introduction of a 
techmque winch is more troublesome 

Col Chopra’s and the senioi wiitei’s choice of the strength of urea-stibamine 
was in each case moie or less aibitiarj'- , the formei chose 4 per cent because it 
happened to be the strength vhich he vas using when he made his original obser- 
vation, and the latter chose 0 25 per cent as being the weakest concentration with 
which a heavy precipitate was obtained in a well-developed case of kala-azar, but 
in neither instance was the choice dependent on usin_g a number of different dilu- 
tions in an extensive clinical trial The present writers, therefore, decided that 
it would be worth while investigating this point and cairied out tests with a 
number of different dilutions of the serum and varying strengths of urea-stibamme 
with the object of ascertaining if a particular combination W'ould give a better 
result than the rest 

The patients 

For this puipose we decided that the test must be earned out in a number of 
cases m w'hich a definite diagnosis of kala-azar had been made, either by fin din g 
the parasite, or by establishing its absence by means of a culture on N N N medium 
of spleen or liver puncture material As our object was to find a test w^hich was 
more specific than the aldehyde test, at first we took only cases in which the alde- 
hyde test gave an inconclusive result , they w ere mostly cases in w'hich the aldehyde 
test was doubtful, but in a few of them, although the aldehyde test W'as negative, 
there were strong clinical grounds for suspecting kala-azar In nearly eveiy case 
the diagnosis was made after the test was done The serum of over 60 cases w^ere 
tested In a few’- the culture was contaminated , such cases were excluded from 
the series Of the remainder the first 25 which show ed leishmama and the first 
25 which show ed no leishmama w^ere taken for comparison, and the results of these 
appear m Tables V and VI As w^e felt that these results might mislead any- 
body who read the paper huniedly into doubting the value of the antimony test 
altogether, we did twm other series of tests, one of patients who were defimtely 
diagnosed as kala-azar by the aldehyde test (subsequently confirmed by spleen 
puncture) and 25 in which the diagnosis of kala-azar did not arise This latter 
group w'ere all patients who were in hospital being treated for some other definite 
disease and, although a spleen or liver puncture wms not done, it is highly 
improbable that any one of them was suffering from kala-azar 

The technique 

There are one oV two difficulties that arisS m connection with the techmque 
of the antimony test 'described by Col Chopra , a difference of opinion is sure to 
exist between different observers as to what is a ‘ thick and flocculent ’ and a 
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‘ <lofimto floccnlcnt ’ prccipitnto, more c'^pccnlh ^^]lcn llie dilute scrum is used 
Fiirdicrmore the mrnn\ caiilue of tlic tulies ii^cd causes sli"Iit \aiiatioiis m the 
method of addiiip tlic nnlimoin to lead to difleieiit degrees of mixing and 
consequeiith io diflerenl loadings On more flian one occasion completely 
opposite readings haa e heen made h\ the same obseracr about different samples 
of the same '-criim V small technical irregularit} , such ns a test tube not 
being s{rupulous rl( an, has led to i jirecijnl ate forming m a serum uhich, tested 
m a clean tube uas eiitirch negitne 'We u ere, therefore, verv careful to use a 
uniform technique 

The iirca-cfihamiiu llrilim.ich in s brind of this pieparation uns used 
throujhout All tin tubes were ajipiri nth fiom one batch as they were received 
111 one bo\ from Or lliilimifhni himstlf who \n\ hiiidh supplied them free 
for cxjieinnent il juirjiosni, 'Ihe iiifimoin (ontiiit w is huind to be '11 pci cent 
The urea-stib iminc w is dis‘;r)h({l ni distilled watci to make a 4 per cent 
solution From this 2 per cent, 1 pei cent iiul 0 5 pci cent solutions w ere 
prepared 

The scnmi The blood w is taken m the usual wa\ and allowed to stand until 
it had clotted, the scrum was then drawn olT We hnat obsciicd before that 
scrum when kept taeii m a cold incubator undergoes a change On the addition 
of antimoin compounds a more maiked precipitate is formed with serum that 
has been kept for 21 hoiiis than with the same sciiim immcdiatelj it lias separated 
W’e confiimcd this ob«(.r\ atmii I13 an cxpeiiment which is leported later in the 
paper In order that the time f ictor should not ]ia\ c to be taken into consideration 
we kept all our sera 21 houis before ptrfoiining the test Four cubic centimetres 
of senim w as neccssii \ for each sciios of tests , 2 c c w as placed 111 one tube and to 
the other tube cont lining 2 c c of senim an eqiixl qiiantit}’’ of distilled w ater was 
added and the tube lotatcd between the palms to mix the contents, 2 c c was 
withdrawn this was again diluted with an equal quantity of distilled water, 
and the process repeated to obtain the third dilution '\Ve thus had jniie serum, 
half strength quarter strength and l-in-S scrum 

The tcsl Se\cnteen test tubes, G5xl centimetre (outside measurements), 
were stuck into a trav of plasticine, in 4 rows of 4 each, with one extra tube as a 
control To the 4th tube of each low 0 5 c c of l-in-8 serum was added by means 
of a measured pipette Using the same pipette 0 6 c c of l-in-4, l-in-2, and un- 
diluted serum were added to the 3rd, 2nd and 1st tubes 111 each row, respectively 
Then the urea-stibamine solution avas added , starting wnth a clean measured 
pipette, 0 5 c c of the 0 5 pei cent solution wms added to each tube of the 4th row 
1 per cent solution to each tube of the 3rd low, 2 per cent solution to the 2nd row 
and 4 per cent to the 1st Each tube was then shaken to complete the mixing 
and the readings taken immediately The control tube contained l-in-8 serum 
only 

Reading of the results The results could be classed in 3 groups, positive 
doubtful and negative If the nurture was so opaque that when it was held up 
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Shoioing slight vanations in the leactions in the 


4 tee cent XIEEA STIBAMENE , 2 PER CE^T UEEA STIBAMISF 


Serial 

No 

Aldehyde 

Reaction 

Serum 

100 

pel cent 

Serum 

50 

per cent 

Serum 

25 

per cent 

— 

Serum 

121 

per cent 

Serum 

100 

pel cent 

Serum 

50 

per cent 

Scrum 

25 

per cent 

Serum 

121 

per cent 

A 

— ne 





. 

-i- 

— 




B 

— - IVO 

± 

■ 


— 

± 

— 

— 

— 

(33) 

A 

■r + + 

+ + + 

+ + + 

+ +( + ) 

+( + ) 

+ + 

++{4') 

+ + 

+ 

B 

+ + + 

+ -f + 

+ + + 

-I- + 

+ 

+ + 

+ + + 

+ (+) 

+ 

c 

+ + 

4" + + 

+ + + 

+ + + 

+( + ) 

+ + + 

+ 4-(+l 

+ + 

+ 

D 

+ + + 

+ + + 

+ + + 

+ + ( + ) 

( + ) 

+ + + 

+ + ( + ) 

+ + 

+ 

E 

+ + + 

+ + + 

+ + + 

+ + 

+ 

+ + 

+ + ( + ) 

+ +(+) 

+ 

(34) 

A 

+ 4- 

+ + + 

+ + + 

+ (+) 

± 

+ + 

+ + 

(+) 

i 

B 

+ + 

+ + + 

+ + + 

+ + 

— 

+ +( + ) 

+ + 

+ 

— 

c 

+ 

+ 

+ + + 

++(+) 

i 

+ + ( + ) 

+ + 

+(+) 


D 

+ 

+ + + 

+ + 

+ 

± 

+ + 

+ ( + ) 

+ 

± 

E 

+ 

+ + + 

+ +( + ) 

+ ( + ) 

± 

+ + 

+ + 

+ ( + ) 

± 


Tab 


Showing vanations in the leaclion of the 
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2 PEE CENT UREA STIBAMINE 

Serial 

No 

Test done 

Serum 

100 

per cent 

Serum 

50 

per cent 

Serum 

25 

per cent 

Serum 

124 

pel cent 

Serum 

100 

per cent 

Serum 

50 

per cent 

Serum 

25 

per cent 

Serum 

124 

per cent 

1 

1 hour after 
blood taken 

+ 4 4- 

+ + + 

+ + 

± 

+ + (+) 

+ + 

+(+) 

(+) 

2 

20 hours after 
blood taken 

4-4- + 

+ + + 

++{ + ) 

{+) 

4 +(+) 

+ + ( + ) 

+ + 

(+) 

3 

96 tours after 
blood taken 

+ + + 

+ + + 

+ + (+) 

+ 

+(+) 

+ +{+) 

+ +(+) 

+ 




L E Napic) and G N Sen 


1143 


LE 1 


scrum of (he 'auic pa(icn( inlcn on (hffaent days 
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111 < 1 h ^iiiu ill'll-' lli»i< 111 < nliiinii- "lii'wmir (III ii.Milt>- of tlio ilcleli\cle i( 
ution Col riiojii 1 s iiitiiuoin ii-i^ wiili IxtOi ililuioil ,uul iiiuliliitod ‘■oiuni rloin- 
I'\ liuiiholf oi Din of III-- i^-'i-'t lilt-- mil iNo (In iisiiU', Ilf th(> -..mu t^\o to'-t-' dono 
ici ordiii!: io ('ol ( hoiii 1 V ii ( Imiijin tlo •^i nioi wntn Li-tl\ tlioii'is i column 
in mIucI) it i-- iiotid liow ill m\ of tin ti-ls m tin --iMidi dif'cioiii combimttons 
weio ]io«iini Vi < 1 " foot of i nliiolnnm (lni< k i (n'liu -'liowiinj; the numliei 
of )'0''i1i\ c ri -tilf- 111 ill It ( oliiinii 

Vnmpui^dh of K'olls ill 111 ' ' of ihlniil' I olo n lu mu! ni i)t^<'~of otlin (h'^ca^r^; 

Tnhk. Ill u)uJ /I 

Of till ' ilii i?ii < i-'i ■- Mill |io--iti\i iliioin,dioiil I \\(ic jio-'itiM' 111 15 out 
of ll) iiid I fiiitlni ‘Mm II pio-itm in ill II iiiln-^oi nion '1 In-- lci\ cs oiih tlncc 
tiioi-o «' OK'd 1(1 S iiid (i jio--it i\ I -- Ks|>i(ti\il\ I In uciim of t lie whole {iioup 
w is 11 11 positiMs fill ( nil siiiiiii 111 On lion K d i i/ ii jnoiip one isenini oiiIa 
ohdiiind iii\ positi\. Ksiilts nnl (In- o n onl\ two Then tnlviii" the difloient 
dilutions we -i i tint in tin' liist twoioiuiiiiis (i i I ]>i i tent iiu i-‘;tih.iinnie with 
loo ))i r n lit iinl 50 pi I ( I lit s, I mil) J(i K stilt' w I ll positm of tliest J5 weie cfi'ies 
of kill 17 ir iiid J1 win in u' Kill of whuh iioin win kali a/n that I'l tO (oi 
08 per cent) of K suit wen lornit \\lnuisinih( thud dilution (i e 4 pet cent 
iiien-stib iniiin iiid J5 pi i ei iit s, imn) J5 n suits ill c ises of kn! i-n/ai wcieposi- 
ti\e Hid tin J5 non kill i/ii win mijitui lln‘ is 50 (oi ]00 )ici cent) of the 
result'' were uirnct 5\ithoiit diseussum i nh dilution bijimtelw we cun 'lav tint 
the leiiult'; in eolumiis C h 1 iiid 7 "i\e PK) jiei tent eoiieft icndinp'i find tint m 
coluimn A 13 0 I K N iiid O the leuliimswiic S.Speiient oi moie coiieet 
This le‘l^es ,5 coluiniis 1) 11 1^ M iin' P in whuh the lesul+s me not satnheton , 
(he=:e uicUide dl tin 1 in 8 dilution <;< i i uut oiu stiouii «etuiii mi\cd with the niotit 
diluti of the lilt i-stib 11111111 snlutioiis It is thus oin nms tint with thn test there 
should Ik no difliculti in distnii'uisliin" between eases of these two groups 
7 hese lesiilts ari slinwii m 1 ibiil ii foini in Tibk VJ] 

Cnmpdiison of the liio (jioup'^ chmcnlh) siKjgc'-tm of !aht-nz(n hut ni vlach the 
iildr’hyde Knilion qoK <ni nitldf nmuati )r‘^uU Tables T and VI 

The position with lefiieiiet to these two groups is quite diflerent Taking 
the iiiiiiibcr of jiositne results obtained iii the case of each seriun we find tint the 
arciage niiiubei of jiositin u suits in the kali azai giouir is 5 GS, and the neiige 
in the other giouii n o 5J that is to sir tlicic is practicalh uo difteience Look- 
ing at it mother w u amongst the non-li ishmauia gioup onh 3 cases gave more 
than 8 positir e results wlieicas imongst tlu kala-azar group there iie G cases gning 
5 or inoie ]iositi\ c lesults this difierencc is not howerei gi eat enough to be signi- 
ficant and we must conclude that cren In doing the whole sixteen tests in each 
ease little lielp in making a diagnosis can lie unde amongst this class of patient 

One of the initial objects of this eiiquitr was ro asceitam m which coinbiiia- 
tion of dilutions of the seiuiii and antimoiiv solution the most specific results could 
be obtained The Table below shows the total number of positive results in each 
combination of dilutions m each of the 4 groups of cases 
T, am 


11 
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There nro m tin*: table also columns showingtlic number of correct diagnoses 
with each combination The results in the Tables Y and VI show marked paralle- 
lism, and avitli no tombinalion of dilutions is the coirect diagnosis made on more 
tiian 28 occasions out of fjO \s b\ tossing a coni \crj similar results would be 
obtanud it cannot be said that the test with am of these combination of dilutions 
IS likeh to be of much a nine in this particiilai cln-'- of patient Judging from the 
results in ill four groups it is ajipnrent that, nitliongli theie is aerv little difference 
between the results ni most of the \ arions combinations the best nie obtained 
with the 25 per cent and 50 jier cent scrum when these aic added to 4 per cent, 
2 percent or 1 percent urca-stibamine ^ 

Contpnri'-on rtf obtoiitaJ bi/ oui milhod and btj Col CJiopia^<; technique 

A\e were somewhat disappointed with these lesiilts Ye had hoped to find 
that m one or more of the f oinbniations more specific results would be obtained 
It occurred to us tint it might ha\c been our method which was uiisatisfactoi} 
and that Chopra s technique, thou<!}i in our opinion \ci} liable to be aaried when 
applied b^ different obsera ers, niiulit bring into plaa some other specific physical 
factor Y'e, therefore looked uji the results of this test done by his method in the 
case notes of each patient In some cases the test had been done in his laboiatory 
as a routine measure on the admission of the patient, in others by his assistant m the 
out-door department , in a few instances in which it had been done both m the 
out-door department and on admission to hospital, and in which the two readings 
did not coincide the latter reading oiilj was entered in the tables This test (by 
Col Chopra’s technique) has for some time been done as a routine measure m the 
laboratory of the senior writer in all out-patient cases sent to the department for 
diagnosis , these results haye also been entered 

Col Chopra considers that a positne reaction with both the strong serum and 
the dilute (1 in 10) constitutes a ‘ positiye ’ result and indicates kala-azar, a posi- 
tne reaction in the former and a iiegatiae or doubtful reaction in the latter consti- 
tutes a ‘doubtful ’ result, whcicas a uegatn e result in both tests constitutes a 
‘ negatne ’ result and indicates that the patient is not suffering from kala-azar 
111 the cases of Table III Col Chopra’s test, done in his laboratory, was positiye 
in 20 out of 21 cases in which it was carried out, and doubtful m the other , done 
in the senior writei’s laborator} it was positne in each of the 20 cases in which it 
w as carried out In the cases of Table IV (controls) the test was entirely negatiye in 
21 and doubtful m 4 cases These results are highly satisfactory, as also were oiiis 
ill these two groups However, m the cases of Tables V and ‘\C[ the results were 
quite different In Table V (kala-azar) Col Chopra obtained 4 entirely negative 
results, 4 positne results and 7 doubtful results, and m Table (non-leishiiiama) 
4 positn e results and 6 doubtful ones That is to say of the 26 tests m 4 the result 
was collect, in 8 it was incorrect and in 13 it was inconclusive YTiereas the senior 
inter’s figures for the same test were 3 entuely negative results, 10 positive and 
8 doubtful in Table V (kala-azar) and 2 negative, 14 positive and 6 doubtful m Table 
VI (non-leishmama) That is to say of the 43 tests 12 were correct, 17 incorrect 



1148 


Snitnhle D>hii>on'> f<n Auinnony TcA m Kala-azm 


and 14 A\e]e inconchisive It is tins apjiaieiit that these iieic a paiticidaih dilh- 
ciilt gioup of cases as by this test — ^wducli usually quite satisfactoiv — fai luoie in 
collect than collect lesults iveie obtained even ivheu the test uas earned out in 
Col C'hopia's oun laboiatoiA^ Cm feai.s theiefoie that oui uiisatishietomosnlts 
were due to some special featuie of oui technique neie umieccssaiv 

Ohseivatiovs Exaiuiuatioii of the tables bungs out a ceitain iminbei of noiiits 
"Wheic the stiongei dilutions of uiea-stibainine aie used the iiuiiibei of positne 
lesults uas according to the oidei of the strength of the seiuin used but nheii A\e 
come to the 1 nei cent iiica-stibamiiie it a\i11 be seen that the strong serum gives 
fewei positive lesuIts than the HO pei cent seinm and vith the 0 5 pei cent 
urea-stibamine the stiong seiaim gives fewci positive result'- than both the 50 pei 
cent and 25 pei cent Again nith the undiluted 50 pei cent and 25 per cent serum 
the inimbei of positive lesults were fewest A\hen 4 pei cent uiea-stibamine was 
added This suggests that w hen eithei the scium oi the uic.i-stibamine arc in excess 
tlieie lb a ic-solution of the precipitate The limits between which little or no 
re-solution occurs would appear to be as follow's 

With 5 mg of uiea-stibaiiiine not more than 0 25 c c serum and with 
0 0625 of seiuin not more than 10 mg of urea-stibamine 

Col Chopia’s dilution method in which he adds equal parts of 1 rn 10 serum 
to 4 per cent uiea-stibainrue solution, is not wnthin these limits this may account 
for the soraew'hat iiiegulai results obtained by this test, as the degree of mixing 
which under these crrcuuistaiices is an important factor will varv in the hands 
of different obseneis and ivith the cabbie of the tubes used 

Cojnpcinson belweev the aldehyde and the antimony test leadings 
Ahhough these readings are not paicallel thioughoiit — foi example, m Table 
III case 6 has a -| — 1 — |- aldeliydc reaction, but only gives 11 positnm antinionv test 
leadmgs whereas case 12 has only a + aldehyde reaction and vet gives 12 positive 
antniiony readings — there is a distinct parallelism in the two sets of readings as the 
follow'ing Table VIII compiled from Tables III IV and VI shows 


Tabji!, VIII 
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l)I‘^cu‘;sro^ 

'I ho lutuuom U'l — hkv (In ildolude (<st — 1 & in no w ij a fapecitic test It 
mcrel\ deiiion‘:(rn<rs (ho nco of M>ni<' ijinlilN in (he scnun which is present 
hoilnn (he Kil.i-i/n and in i ort iinotlioi (onditioii'- Init whicli Iiowcvei, is present 
(in p'eaf'T denioo in id\ mnd knln i/ii (Inn in in\ olhoi disease (as far as experi- 
ence in India sJkiw-) I'liis (|n.lll(^ iniK(si(s .ijipeannti soon aftei the onsc(- 
"f (In kala ini md im n isi s (hioiiLdioiil (In ilisf no (If is almost ccitainly the 
siine (jinlitr in (In si mm nlmli iiioduiis tiotli (In pienpit.itioiis with iiiea- 
stilnninie md (In inilk\ m hfa ifion witli foimilm ) J'lu antimony test is designed 
to show tlie jiiesenn of dm ipi di(\ "When stiomr sciiiin is added to 4 pei cent 
nroi tihimme tin slio],i,st ti ic< of dm ()inli1\ will be demonstrated, 
wjioreas win n both (lu simm md (In mtnnoin i ompoimd aic diluted a point is 
nciitiialh uulnd wlitn (In piisonn of dm qinlnx ’ is mil} dciiionstiated if 
it IS pi(sen( III 1 M r\ m irked di "ii i sm h i deeiii is is mih issociatcd with hala- 
ir ir and (hies no( ofeni in m\ odici dis< is( It is tlus( dilutions of tlie senim 
and mtmioin compound winch lu (In impmtaiit ones fiom a diagnostic point 
of Mcw as tlie\ no die ciiticd dilutions whicli stjniati dcliniti cases of kala-aiiai 
from doubtful cases ]Je\oiid this point (In test can mih be used foi supplying 
contiibutoix o\i(leii((‘ ilthough dlls ( \ id( IK < ma\ bcextnmch ' aluable 

iNow III oui s(ii(s (if (>\|)( I iim ii(s dll oiih diliitioiib wlncli are ii}) to this 
stmdiicl an ]3 H md L tli it is IJ "» pi i ( ( nt 'i iimi with I J and 1 pei cent luea- 
stibimmi usjHcti\tl\ fbit is omI\ IJ Pi md lo Kspict'vcly of the cases of 
uUanced kali i/ii (Tibh Illlgm iiosiini nsultswith these dilutions the piacti- 
cnl \aluc of (hcsi rcidiiigs would Ik \ei\ Imiitid 

Oiii oIjscic itimis show (hit within (iilam limits icfeii eel to above — the 
irieatci (In coiiceiili.ition of botli tin sdum md the uitimon) solution the gieatei 
the niiount of jiiccijiit it( foimcd but (li it 1 1 coml tins tlieic is no special conceiitra- 
(lon of eidiei the sduiiim tin mtiiiimn wlnrli is moie faioiirable than any other 
foi diepioductimi of i jincijiit it( win dm (In sd uni being tested he fiom a jiatient 
sulTcimg fiom kili a/ii oi fimii om snndiiig fioiii a some otlici clinically smnlai 
conclition 

It js ijiji.neiit that tin list slimihl In looked upon as a qiiantitatnc, rathci 
than a cjualitatiM one and jnobibh (In best mfoimation would be obtained by 
perfoimiin; it m i immbei cif diOdcnt dilutions as we hare done hcie , tins, 
howccei would In mipi ic ticable whcic i laige mimbci of patients have to be 
dealt with It would ob\ loiish In miieli noie satisfictoic if the test could b( 
unde with i single combmitimi of dilutions 

(^'hoicc of (Iiliilio)i\ 'liiimng bick to Tible VII, counting a -[- (lositne and 
mvllimg less as negitm it will be seen that with each of some lialf dozen dilu- 
tions the collect diagnosis w is m uh on 75 to 77 occasions Judging the mattei 
on this staiidaid it would not apjicai to be a inattci of \eiy great imiiortance ‘whicli 
of these comlnnation of dilutions is used foi perfoiming the test 
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If, however, only a single test is to be carried out it will be advisable to have 
three readings positive, negative and doubtful Let us review the results again 
taking three readings These are suiunianzed in Table IX 


Table IX 


Dilution 
{See Tables 
ni to VI ) 

Numbei of correct 
results, either 
positive 01 negative 

Number of incorrect 
results, eithei 
positive or negative 

Number of doubtful 

1 lesults 

t 

■Mjll 

62 

24 

1 

14 


G5 I 

20 

16 


60 

8 

32 


58 

26 

17 

E 

55 

22 

23 


50 

19 

22 


59 

8 

33 


60 

19 

21 

I 

46 

14 

40 

J 

61 

18 

21 

K 

58 

7 

36 

L 

57 

16 

28 

M 

32 

6 

62 

N 

48 

8 

44 

0 

52 

6 

43 

P 

57 

11 

32 


It IS apparent from this table that the most satisfactory results are obtained 
by using 25 per cent serum, whatever the dilution of the antimony solution On 
the whole probably the most satisfactory is combmation ‘ K i e , 25 per cent 
serum + 1 per cent urea-stibamine, and these happen to be the dilutions which also 
gave the most satisfactory results in Table VII 

The technique To obtam this combination it is not necessary to make up 
the uiea-stibamine solution and dilute serum solution separately , almost*^ the 
same result will be achieved by addmg 2 drops of serum from a broad-pointed 


* Combination * K ’ consists of 0 5 c c of 25 por cent serum -(- 0 6 o c of 1 per cent urea stibnmine, 
file final dilutions will thus be 1 m 8, and 0 6 per cent respectively By addmg 0 126 c o to 
1 c c of 0 6 per cent urea stibamme the dilution of the serum will be 1 in 9 and the urea stibamino 
0 44 per cent / 
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L E Napier and G N Sen 

clropppr — 10 drnp'^ (o llir cubic roulmiotrc — lo lee of a 0 5 pei cent urecvstibammc 
solution If tubes of tbf"= 11110 colibre ore u'jpcl tlie some criterion of positmtj could 
be eiiipbncd — iioiiieli tlie coiiijilete bliirniig of tlic wiiidois outline Mlien the tube 
15 held ncoin'^t the bebt — '’iid Ibc result <^li(iild bo considered ‘ dcubtful ’ if tbeic 
is more clouding tlnn occur'- in Ibc distilled-uatei plus-scrum contiol uhich should 
be put up at the ‘-oiiio time 

Tins nietliod would be f.ii snnplcr to peif<nn than the serum dilution method 
‘’diocatcd In C'ol Cbopn 'I be httei can 'c iicoh be classed ns a bed-side metlird, 
ns the accurate diluting of serum tbniirb "n cxtremol) simple matter to the 
Inboraton worber wiiild present certain diflicultics to the n\ erage clinician 

Tint this (ombination of dilutiens when juepared b\ the methed we followed 
gi\cs the most ‘■ati'-fiet* i\ ro'-ult-- 1 is been domensliated above, it now leiiiains 
to bo seen wbotbor the slifjbt modific ition which we bn\c suggested to sunplif) 
the test will .ifToct itsuliliti To sliow this the tost will ba\ c to bo made in a laigc 
senes of cases Thn n at jnespnt boim: done , the lesiilts so fni obtained Inic boon 
bighh satisfactors 

StnntAn\ 

For the clinical application of the nntimom test for Lala-azar difTeient obsoi- 
aers base suggested dilTeient dilutions of both the antimony compound and the 
serum The present wiiteis haae cariied out a senes of experiments with different 
dilutions of both serum and anfimont compound m order to find out which combi- 
nation of dilutions giacs the most specific resuHs 

For this purpose 1 groups of 25 paticn<^s each were selected , the first two groups 
consisted of patients in a.Jiom a definite dingncsis had been made by the 
aldehyde test, 25 bnla-arnr patients and 25 controls, and tlie other two groups 
consisted of cases in which the a'dchjdc test gave an indeterminate result , of these 
again 25 were hala-a/ar patients and 26 culturally proved not to be hala-azar 
TLe most satisfactorj results were obtained by tbe addition of 25 per cent 
serum to cither 4 per cent, 2 per cent, 1 per cent or 0 6 per cent urea-stibamine 
By adding tins strength of scrum to 1 per cent antimony compound the 
readings in the series w ere 58 correct, 7 incoixcct and 35 doubtful , this is a satisfac- 
toiw result 

iUmost the same mixture of antimony compound and serum can be obtamod 
by adding 2 drops (0 125 c c ) of scrom to 1 c c of 0 6 per cent urea-stibamine , 
this being a more practical method is suggested for the climcal application of the 
test 

Picliminar} climcal trial has gix'cn satisfactory results 
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Pnrl 1 

<il-I5Mi( II)\L I’UolM.Uril oi <LUl\i\ I\])l\\ I-^Sl-ATIAl. OlLb 

I ^ 

I’ K 1>I .1 M 

\M> 

\ si HU \inu\\ w i.M Ai. 

l)i ji II t nil III III Huh In nil'll I If linliitn lii'lililti <if SlliiiK, Jillllijiililli, 

( I fin piiithi vtnni *^1 inlh.r I’tJ*) ) 

'I 111 iiUi'-oplu pidpt iti( V of iv^uitiil oiN \\ti( lii't cst ibhslicd bv IaIau <Ic 
Ia C'i<ii\ (18M) Cli miboiliindf 1 ) (bssS) iiid Fmido?iiPicb(2) (1889) ^^llo found 
diAt bAclciM \\(rt, kill(d on cNposnH to \ ipouis of < wntial ods foi pcuods ^ Ai\ inji 
fioin 1 few nnnutes to levs tli ui in boni Ifnt tin (piAnlitAtue stmh of the iclitiM 
butciiLwhi efbciencii " i)io>n onU in IMltl when Maitunhlofi) dcteimmul the 
pliciinl cocliKionts of i nunilni ofiwntiAl oils Smet tlien seveial woikeis 
hue d(>dt\\itb the vubjLCt (tiei*! Sinith(l) in\<‘Stigited the geiuncKlnl powei 
of eucaKotuv oils fstbobl and Kiisanu{'i) tsl iblisbod the inlubitoi> cfloct of the 
\olatilf < onstitueuts of i minibci of od^ on tin giowtli of tubcicle bacilli on agai 
media D\chc-'ro iguc((i) tnd latoi 13i> uit(7) (\iiniued a laige nninbei of coniinei- 
cial peifnnus ind found tint main of tlicni possessed antiseptic jiowcis A fiutliei 
id\anci w IS mule b' Penfold and GiAnt(8) who studied tlic antiseptic piopeitics 
of Aiisti ilian essentiil oils ind then constituents Thc\ deteiiumcd the phenol 
coeflieieiits of i I ugc luiinbti of teipcne deinatiMs md obseived that niaiiv of them 
ga\ c high \ dues They dso show t d that in coinineicinl piepaiations of concentiated 
disinfectants 1 uge qinntities of actne agents weie wasted Moicl and Eocliai\(9) 
tiled the iction of a luge niimbei of \egctablc oils m liotli liquid and lapoiized 
states, on saiious pathogenic geuns and showed that the antiseptic action of oils 
lined consideiabli and that some genus weie killed moie leadil} than otlicis 

( 1153 ) 
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Rideal, Ricleal and Scivei(lO) showed that the smface activities of essential oils 
were generally closely related to then geimicidal properties 

According to Wilhelm Dieyfns(ll)a useful preparation of germicide should 
(1) possess high germicidal power, (2) form homogeneous emulsion with water, 
(3) he free horn sediments, (4) be non-poisonous, non-corrosive and iion-toxic 
to higher organisms, (5) possess deodorizing power, (6) be stable in presence 
of organic matter, (7) dissolve and penetiate grease and fat, and (8) be 
cheap Essential oil germicides have been found to satisfy most of the above 
requirements 

Toxicity and corrosiveness are the greatest drawbacks of coal-tar disinfectants 
Accidents arising from the use of such preparations are usually due to phenols, 
cresols and then derivatives A large number of essential oils possess high anti- 
septic properties, but are relatively non-toxic to human beings Although many of 
them are more costly than coal-tar disinfectants, it should still be possible to select 
some which are (o) more poweiful germicides than the latter, and (6) obtainable 
comparatively cheaply 

Because of their high germicidal power essential oils have, during recent years 
found considerable application as disinfectant medicines and in srugery Then 
use has been recommended (Penfold and Grant, loc at ) in the preservation of 
antisera and similar products vhich are, at present, prevented from bacterial decom- 
position by addition of phenol and mixed cresols Cresols, in particular, graduall} 
destroy active principles present in antisera, cause considerable loss to the manu- 
facturer and necessitate an mcrease of dosage to be administered to patients 
Essential oils have been successfully used m healing septic uar wounds Terpene- 
less oil of lavender has been successfully used in treating gangrenous vounds, m 
certain nasal diseases, in ulcers and in syphilitic degeneration of the mouth and 
nose vheie mei cur lal treatment had failed 

These valuable propeities of essential oils led us to think that additional 
facts contributing to oru present knowledge about them might be of 
considerable assistance m directing the search for more ejficient but less costh 
antiseptics 

In India, the raw materials for essential oils are obtainable in abundance 
and lecently, much attention has been paid to extraction of these oils cheapl} 
on a large scale During the extraction of essential oils, large quantities of 
sesquiterpenes are obtained which, at present, are regarded as waste products 
It lb of considerable interest and importance to determine whether these 
products can bq used as disinfectants either by themselves, or as derivatives 
after introducing, in their molecules active groups which will enhance their 
germicidal power \ 

An mvestigatioVi vas, therefore undertaken with the object of determimng 
(1) the siutability of^ndian essential oils for use as germicides m place of coal-tai 
cbsinfectants, (2) v helper sesquiterpenes can be utilized as disinfectants 
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1111 *^ jMj’or «il! pro'-ciif (lio riiiicid tl \ tliii*- <<[ i mimlitf nf Indinn essentia! 
nils niul 'O':!!!!!!! rpono di in atn wliilc' fnillnn (Ii'-cii'-numi as to uliothci ain of 
tlicm cm lie used as disnifool ml iii jdirc of (ml t u [iiodiicts is icsencd foi a 
subsequent coiuimmication 


JIm'j i imi ntu 

binci c'-sinti.i! oiK arc nisoliildi m a mi md cniidsi/iod disinfectants <iio 
iiiuch more reietn o tiinn dissole ed out' e mulsions of tin difloieiit oils acre used 
for detormiuiuf: tluii odimndil piojuilie- smro tin eflicicnc\ of an emulsion 
depends on tlic me of eorieol jiiojioi lion-' of oil u.itei ind cimilsifici and the 
mode of piepiration atlmipls \m 1(> m uh to si mdaidi/i tlie tccliniqiics 
of jirepirinj: tlu eiiiiilsioiis Snijis utK not iistd hecaiise thc\ contained, 
iiwarnhK inijumtie', wfueh \i(ia(<d the n-'idts to loii'-ulerahlc extent Pmc 
sodium olcate a is n^ed is the cinid-ifiinn i^nnf Dure aas some difficult! 
in the earlier stages owing to the ok ite '•olutions undergoing jiaitial Indioljsis, 
on standing with the result tint olnc acid and an insoluble acid soap separated 
out and nficeted the stdnlit\ of the emulsions but it was o\ercome b\ 
addition of a little sodium ciihoiuti which stopped the Indiohsis of sodium 
olcatc 

To detciminc whothci the olcatc earhonate inixtuicwns also a better emulsifici 
than the olcatc alone a number of emulsions woie picpaicd by adding in each 
case Ice of oil (Cymbopo^an Maitim Stapf Sofia) to 9£) c c of solutions of 
olcatc alone and oleate with carbonate and their respective stabilities tested 
at intenals of 12 hours Concciitiations of free alhali were not increased 
further as excess had been shown to hare delctcnous action on the emulsifying 
power of soap{l2) It was obsened that while an emulsion prepared with 
4 per cent oleate was not stable for more than 12 liours, one made with a 
mixture containing 1 per cent cacli of oleate and carbonate remained mdefiniteU^ 
stable 

Martin Fiobisher, Jr (13), studied the influence of surface tension rediicents 
on the gciiiiicidal .ictnitr of phenol and hexylresorcinol obsened that while the 
addition of optmnim amount of soap led to maMiiiuni geimicidal value, an excess 
gai e a nnich low ci \ ahic He stated that excess of soap coated the bacterial surface 
with a film of sodium oleate which pirotccted the cells from contact with phenol 
Addition of a liquid suifacc tension leducent, on the other hand, enhanced the 
germicidal actnity as, in this case, the adsorbed substance, being liquid, was still 
miscible with phenol and opposed no solid bairiei to its diflusion into the cel] 
To determine whcthei the concentiatiou of soap had any influence on the emulsified 
disinfectants, a numbei of emulsions containing identical quantities of oil (1 pei 
cent) but diifeiing ni the amounts of sochum oleate used to emulsify them weie 
prepared and their hacteiicidal powers determined by the Eideal-Walker method 
using B typhosus ns the test organism It was obsei! ed that increasing amounts 
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of sodium oieate lowered the geimicidal activity as will appeal finni the folloivmg 
Table — 

Table I 


ConctuUdtion of 
disinfectant 


1 soil 
1 10UI> 

1 1100 
1 1200 
1 1300 

-j- indicates growth, — no gionth 

^^ltll lowei coiiceuticitioiis ol oieate no stable emulsion \tas obtained 
It is possible that m a conceiitiated solution of the oieate, («) the essential oil 
\\<is not dispel sed so evenly as vlieii the solution contained the optimum amount 
of soap with the lesult that the active surface of the geimicide was greatly low cied, 
{b) the excess of soap might have been adsoibed on the bacteiial cells as obseived in 
the case of phenol and hexvbesoicinol oi (c) the thickness of the inteifacial lavei 
of soaji between the oil-watei bouiidaiy was so much that the oil could not difluse 
thiougli it and come into contact with the bactenal cells The lesults of the 
foiegomg expel imeiit iitav hnd application in the pieparation of disinlectants 
emulsihcd with soap 

To deteinnue whethei peisistent contact wnth a high concentiation of oieate 
affected the disinfecting piopeitv even aftei dilution b and 1 g lots of the oil 
weie emulsified with fi\e and one per cent solutions respectively of the oieate, and 
then disinfecting piopeities compaied after diluting the concentrated solution 
h\e times so as to make then compositions identical On compaiing the geimicidal 
stiengths of the two emulsions it was obseived that the oiigmal 1 per cent emulsion 
was much moie actne than the one obtained In diluting the 5 pei cent emulsion 
The difleien'ce iii activity was piobably due to that bctw'een the degrees of 
dispeision of the Wo emulsions In the diluted emulsion the oil had moie suifaco 
for dispel sion\thai)i in the concentrated one Bt dilution of the latter with watei, 
the degree of (.Vsp‘n\ion was not much changed the sues of many of the individual 
paiticles remaining \lic same as m the concentrated solution The foxegomg 
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/’ K Jh iiinJ 1 SiiJiiiiJuDitinimi 

l\ itiniis u( 111 iiinriiiiiri il li 1 1 tiisi of !*■ iifnlil niiHiiiitl {hx n/ ^ om \iistri 

Inn C'-oiifi il oiN 

Til llio ]ir(“-r>iil i!i\ I '-I lu it i"i' I ]" 1 < I'lit I imil‘'ii>ii-' of 'tti-- 111 ‘'iiliil lulls < (fntiiiniii^' 
1 ]i('r rout I H li of ‘-I'liiiiiii oil iti uul •'Oiinini < irlioii ii< ufii ii'-(>(i In i fi w (isis 
Iio\\o\oi tin I oii( I 111 1 it ioii (if so i]i III till I iiiitlsifi iito mi\! iiu Ii t(! lo 1 )( iiirrfTspfl 
'liclifK siiin oni' |i( r nut soi]i did not <ti\i i ,t ili|i < iimlsion 

If w IS o 1 )si>i\fd tint dl tilt 1 luiilsioiis w< It si liiic md roiiid lx <iiliif(‘d with 
\ntiriii ill jiroport Kills \\ itlioiit tm s* p n itnni of oil 1 1 1 ds slimvi d howoN xi that 
on jiroloiiirod k< i pitii! tlioii w n somi dnii m in oi'iniuidil jiowii Results of 
ohs(trv atioiis on till < ih et of hi i piiit: tht oils in show n m ihi followiiio Table 


I \iii I II 


\nTiv of III! 

1 

1 

I’luimt e<« 111 
( lent of fr< sli 
( imiNioii 

\_( of 1 noil'ioii 

111 iiimitli'- 

I’licnol iiiirticiciit 
nfter keeping 

■ — 1 

t nicer pn«' ml ' 

10 0 

1 

>t n 

Indnn ( iihel ml ' 

i 7 0 

> 

7 0 

1 

Cam]>linr Inf ml | 

1 

1 o 

11 

1 J 

1 -t tineel j 

s 1 

1 ' 

7 7 

Cinenl 

-.0 j 

1 

1 7 

1 cnnel oil 

1 10 

1 

P 

10 0 

Cirdainmii oil 

1 

loo 1 

1 ' 

Coidinent fslK \ci\ 
qiiickh 


Phenol corfjinrnl'^ i>f oi/s <n«l ^ sijuili i jHon (Id tinlnn s 

f’oninioiiei oils iiid scsdiiileijieiies winch cm be obtained ehoajily and in 
•idiind nice wen chosen foi the tiinls They weie all isolated and ])uiified in the 
Rig.nnc C'lunnstia Depai tineiif of the Institute and weie obtained thiongh the 
cnantisa of !Mi B ftanjna Eao to whom the authois’ thanks ate due 

The Pvideal Walkei method was followed iigidly nsiiitt B lijpho'ois (Hopkins) 
as the test oiaamsin The following dilutions weie first tested I 100 1 300 
I 500 1 700 1 000 and fiom the lesults it was possible to asceitain the 
limits within which the desned dilution should lie Sniallet dihitions weie then 
made in the following scale ~1 70 to 1 160 by difteienees of 10 , 1 160 to 
1 200 by diheiences of 20 , 1 200 to 1 <100 by difteienees of 25 1 400 to 
I 900 by differences of 50 If the lecpiued coucentiatioii was found to be above 
1 900, liighei dilutions weie made by difterences of 100 up to 1 1800 and hmhei 
of 200 up to 1 3200 Action of tin piepaied dilutions was then tiied on the 

organism and from the lesults the dihitioiis lequired to kill the oiganism at the 
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end of five minutes were obtained The corresponding dilutions of phenol were next 
determined The results are given in the following Table — 


Table III 


Oil or denvatxve 

Main constituents 

1 Phenol coefiScient 

Cymbopogon Oaesms (Kachi grass 
oil) 

Geraniol, Berillic alcohol, Terpenes 

3 G 

Cymbopogon coloraiua (Botha grass 
oil) 

Sesquiterpenes 

1 6 

Cymbopogon -flaxnoBus (Lemon grass 
oil) 

Citral 70 — 85 per cent 

17 0 

Cymbopogon Martini Stapf Motia 
(Palmarosa oil) 

Geraniol 76 — 95 per cent 

14 0 

Cymbopogon Martini Stapf sofia 
(Ginger grass oil) 

Geramol 

10 0 

Indian Cubeb oil 

1 

1 

1 1 

7 0 

Camphor oil 

( 

1 Hydrocarbons, safrol, and camphor 

6 2 

Camphor leaf oil 

Cmeol, Terpineol 

40 

Cardamom oil 

Terpmeol, Broneol, and Cmeol 

10 0 

Fennel oil 

Anethole { 

13 0 

Clove oil 

Eugenol 

66 

Longifolene 

Sesqmterpene hydrocarbon 

less than 1 0 

Santalene 

Do 

Do 

B — Santalol 

Sesquiterpene alcohol i 

1 6 

Tnchioro derivative of a sea^mter- 
pene 

1 

less than 1 0 

Nitro derivative of a sesquiterpene 


Do 

Hardiaicha Pinata 

Sesquiterpene | 

Do 


Discussion of the Results 

The phenol ^coefficients of the oils varied from 1 6 to 17 0 Of the thiee oils, 
Gymbopogon flax'tosus, Gyinbopogon Maiiini Stapf sofia and Gymbopogon Mmtim 
Stapf Motia whick had the highest values, the last is somewhat costly and should 
be left out of congelation The othei two oils are fauly cheap and hold out 
prospect of successml appbcation Sesquiterpenes were all inactive Even the 
introduction of three ^orine atoms in the molecule did not enhance their germicidal 
values to any apprecmble extent. 
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\u invest ictI ion to (letorniino vlicthcr di'-infecl int"; picpnrccl vitli Ctpnbopogon 
/laxiiosiis find Ctimhojioqov d/nJim Stnpf ■.dli i ttm in o';!!! succcssfullj in place of 
other disinfectants on the in irlvCl , is ni propre s ind w ill foi ni the subject of a latex 
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rainutes’(6) or ‘ ten minutes aftei haemolysis is complete in the front roM tithe 
of the noimal seium control ’ (7) tliese reactions are missed In the wiiteis’ pioce- 
dure the final incubation is done foi half an houi as in deteimming the MHD of 
the complement 

That these niegnlai leactions aie best classed with the doubtful leactions is 
shown by a compaiison yith the doubtful cases in the following summaiy — 


100 Doubtful cases (±) 


Presumption of syphilis 


Early 
• Treated 
. Untreated 


No presumption of syphilis 
Indefinite 


24 

9 

G 

5 

56 

100 


100 Irregular cases 


Reaction could be read as — 




+ -k 

+ 

- 



njaily 

d 

8 

17 

= 28 

Presumption of syphilis 

Treated 

1 

1 

C 

=-- 8 


. Untreated 

0 

4 

5 

= 0 

No picsumption of syphilis 


0 

1 

0 

-= 1 

Indefinite 


1 

It 

39 

= 5t 



5 

28 

67 

100 


Each senes consists of unselected cases taken seiiallj'- A few unaccompamed 
by histones have been discaided A close correspondence betueen the clinical 
histones and the serological findings is apparent 

3 In the absence of a standardized red cell suspension the MED of the cornple- 
rnent, obtained on different days, is not comparable 

Red cells collected and u ashed apparently under identical conditions do not 
yieM a deposit of the same densitj'- ahvays A 3 per cent suspension (method IV) 
made fiom the deposit, consequently, differs in density from day to day The 
MHD of the complement, therefore, is not comparable on difterent dajs 

"When tested colonmetncally the difieience in density of the emulsion may 
amount to 20 to 30 per cent on difterent days The MHD obtained by using a 
suspension of density X is less than the one obtained by using a suspension of 
density X4-1/3 X The densei is the suspension the bigger is the Iff H D 
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In (lie t'dimqui >>f iiM'tlnnl H (Ui \ until'; < (iiis(i<u('nls Inppon («' Ito ‘'o ncl- 
tint til' uitii’i u <li‘'h(t\s ( Mil (I\ I M li 1) fi( 1 lip ( iu( n( dolouiiinctl 
l)\ linin': 1 '•ii'-pi ii'-i'tn "f n d I'N'i'd 1 1 lU of ui i>}}ttjinnii di ii'-iti A\ lion llic doiisiiv 
I f tlic ''ti'-pcn^ion i*- ”r< )ti I iliiDtln oplmnim lli< Mill) of tlio e oniplcinoiit oh 
tuned 1 '- limhor linn )( ‘•li'tiild In with tin u idi tint tin int loen r uinot dcstioj' 
1 M 11 Id \n < \( ( ‘-S of ( oiujth nn id n 1< ft 'ihnli nidics it'-flf \mhl( in Inch of 
coiTC'tpitiuIt'nr'o hilMcdi tin two lows of till"- iismI in titiitiiiL' tin comjilcincnt 
with uid w itlnnit tin nitmni 'I lie tnln s rout iininn tin intinni imlic ito -i liiglicr 
litre of tin eonqth nn nt 

If reg irdlo's of tin 1 leh of ( ori< spondi m < tin Mill) n t iKcn fioni the tubes 
coiiHniing rnninh nn nt donn intln't<st jnopirtlnn would he nn c\ciss of coinple- 
iiioiif n\or the st uid ir*) uiiount fi'i tin it ntiu litlulid ihn\c 1 lie .dltiwaiico 
iindc for tin intigt'ii will ht I ^I If 1) of tin (oinpltnnnt \s n inittci of fact 
the eonipleiiient distro\t<l h\ the int'enn wd! hi less thin 1 'll 11 D Tim 
cxcc'!': generdh trnid in i\ it tiiinsln 1,5M II 1) m .unoiint wlinli vdl easily 
comert —I ]-±, , or ± reictioii into \ ±, , ± or — reaction 

tcspoetnei\ 

In case the \ an ition in the deiisite of (In sus])i iisinn In s m opposite dncctions 
on two ditTorcnt ore I'-ioii'' the diflirenee in Mil 1) mu easih amount tei 2/3 
^IHD of the comjileimnt 

Utcntion rpjn ars to hut heiii drawn to this impoitant adjustment of the 
luemoljtic S', stem long igo(8) Intheusuil woiksof icfeiencc and puhhcatioiiS 
in English lioweaer one does not find nin del ids 

The writers ha\e found t'nt the dinsita of the led cell suspension, for the 
requirements of the method IV of the Eiitisli Medical Research Council is optimum 
when 7 drops of a 6 jici cent suspension, dclia creel from a "Wright’s pipette, with 
the point fitting hole No 58 of the standard wire gauge, gi\c a direct leadrug of 
51 on Salih’s liajinoglohinomcter Such ehops measure 0 02 c c each 

A suspension givina a liigher reading can he aeljusted to giae the required 
figure hy dilution 


Example A suspension gi\es a reading of 62 


62 51 


100 X 


02 X 100 
51 

=r 121 56 
= 121 6 approx 


Total volume is 100 c c 


An increase of vohmic to 121 0 c c will reduce tire leaeling to 51 
A suspension giving a lower reading can be made to give a higher reading hy 
the addition of naoic of the deposit and then adjusted as detailed above 

Since adopting tins method of standardizing the red cell suspension the writers 
liaac generally found a perfect coiiespondence betaaeen the two low of tubes used 
in titrating the complement w ith and AMthoiit the antigen Tins fact, incidentalljq 
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emphasizes the impoitance ol determining the MHD of the complement in the 
presence of the antigen Any lack of adjustment is made visible hy a lack of 
correspondence between tlie tubes of the two rows 

Eegaiding the noimal limits of variation of the colour index of the sheep, as 
affected by age and enviroimient, the writers have no knowledge The observations 
leading to the findings relatmg to the standardizing of the red cell suspension were 
made betv een May and August 1929, the monsoon season of Buima Meteorological 
conditions in this season aie practically constant Heat is tolerable Green glass 
for the animals is abundant 

The sheep kept for blood in the Pasteur Institute of Burma are three Calcutta 
sheep of uncertain ages They are bled in rotation and about 20 c c of blood is 
removed The Wassermann reaction is done twice a week The animals feed 
veil and look well noirashed and healthv 

Under different conditions of climate, food supply and altitude, etc , the colour 
index might be affected appreciably It should be alnays possible, however, to 
so modify the standard as to obtain a suspension of optimum density, i e , a suspen- 
sion which will yield an M H D of the complement which is exactly neutralized by 
the antigen 

4 Undei ceUain condtUons, not fully undo stood, sometimes the antigen does 
not deslioy one full M H D of the com'phmeni as obtained with a standardized ied cell 
suspension 

At times, in the titration of the complement with and without the antigen, 
the row of tubes contaimng the complement alone indicates a titre, say, 1 in 40 , 
while the row containing the antigen plus the complement twice as strong indicates 
a titre of 1 in 60 Obviously the antigen has not destioyed 1 M H D of the comple- 
ment but only 1/2 MHD 

The writers had thought they had abolished all lack of coirespondence by 
standardizing the red cell suspension when it appeared again Evidently some 
other factor is also concerned 

By a process of exclusion the writers have come to believe that the comple- 
ment alone is responsible for this altered relationship between the antigen and the 
complement 

The altered relationship results m (i) an excess of the functiomng dose of 
the complement m the test proper, and (^^) a corresponding deficiency in the dose 
of the complement in the special serum control 

So far, the practice of the writers has been to increase proportionately the 
complement in the special serum controls to avoid false weak positive (-f ) and 
doubtful (±) reactions while keeping the standard dose of the complement used in 
the Institute uualteied In doing so, however, there is a risk of missmg a certain 
number of weak positive and doubtful reactions Now it is proposed to keep the 
functioning dose of tlm complement constant, i e , when, as in the instance given, 
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file luliuou ''!ll\ 1/i M H 1) 

'Jlip f<>r t'lP <• ''t lip 

Ti"-I p\npt r 
Srrnin 


<if llu 1 in< u1 , iii^tnul ('f I JI II D 

M 11 1) uuil 2 M 11 1) 

21 M 11 1) ,ui<l 1’ M HD 

1(1 (if 


'IV'-t judjipr ! MUD 111(1 2l M II D 

^onnn (niilrdl'- 2* M II 1) .iiwl M M If D 

Mhclhcr \ i oinjili uk ii( whidi !=( »1( “^tniv . d i( •-•i ii\ iiii iiitn^di (i\'s tho icagm 
normilK, tlu \\rit( r*- liiuc luit di (< rnuii'd Non inti cnniiili inouNui lUitigciv (i e , 
iFi'd m non nidi (.oin]di nv nt ir\ doi-is) liow.vii nw is imidi m use ns tlio anti 
compIcuRnt n \ oiks 

n The tern! mu} flmiJitful uarUn))\ i le ojili/ /« dihrfrij }»/ a vim}! (Jose of the 
comph tneiit 

Spcafcihi {nsiiK^ tlio liriii for (oiniiiKiui onl\) of a \\ issomnmn loaction 
^a^cs with tho mtnaon oniphu ( d 11 uino sdoctf d i piuticnliu antigen (Filcles 
'iiul Mtinlosli in nntliod 1\) i( is not pos d.l*' (<< iiniciso oi dettcaoe the speci- 
^lClt^ h\ \ar) mg the rd ili\ ( piojioifions of tin mlnai n and the toinplemcnt If 
that were co, one would sdn,, (hik's jnid stiongci nnidionc ocenuing with bigger 
do'os of Hk, (.oin})l( ino’it 

i'll ns /iir;i'’ss of tin r( utioii on tin otlui hand \aucs iiu crscly w ith the (lose 
of tho coinploinont 'lo s|\ (Inn tint ‘the inclusion of still sinallei ainonnt 
(eg , 2 M U 1) or 1 M 11 D ) introdntis tin. fnlincj' of non spotilic deviation with 
tiornial dcn (0) is onh to cro iti. ( onfnsion of ideas Mhal ib lealh meant is that 
sonu conditions ih Iikolj to jnoduce i soinbhnct of i positive icactiou wnth a 
sniil! dose of till (oinjiIoiiKiit 'J’liis snnblnntc, the wutois belie(e, is only 
produced b\ a iiwthiolcJ’/ hqh uili-comjiloinont \iy titic of a seiinn, and stands re- 
vealed as such when a pioperseinin control gning an indication of the anti-coniple- 
nientaiy tiiic of the sernin is put up 

The semblance produced is only of a g; oi a d le iction which depend for their 
existence on I M H D oi ic^s than 1 M H D of the complement ’When a libeial 
dose of the compleniont is used these leactions iiatiirnlly do not occur The 
semblance is abolished, bid so arc also the (nn, veal reactions The real remedy, 
then, IS not a libcial dose of the complement hut tlic pioiici control rndicatuig 
the anti-complementaiY titic of a model ately high titrc senmr (a titre lying hetw'een 
MHD and i MHD of the complement wdieii using method IV) 

Certain well known clinical entities and conditions are known to give a true 
positive "Wassermann reaction The workers wdio advocate liberal doses of the 
complement have never produced any figures to show that this reaction disappears 
with bigger doses of the complement leaving the hue weah leaclion of syphilis intact 
It is only the semblance winch is raised or lowered bv decreasing or increasing 
the complement, not the specificity 

Other things being equal, a method employing a small dose of the comple- 
ment is more sensitne and therefore more valuable for detecting syphilis than tie 
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one employing a laige dose At tbe Pastern Institute of Biuma Paiigooii, 2^ 
MHT) and 4 M H D aie used instead of 3 M U D andSMHD as lecommended 
in method IV The following snmmaiy gives the leactions and associated clinical 
condition of the 1,000 seia — 




+ + or + 

i 

— 

f Eaily (pumarj) 

70 

30 

14 

2G 

{ Treated 

102 

39 

14 

49 

Presumption of syphilis ^ Untreated (or treated 

428 

318 

29 

81 

1 uith indigenous medi 





t cinc) 





No presumption of syphilis 

5') 

0 

4 

55 

Indefinite 

441 

144 

33 

164 


],000 

531 

94 

375 


These cases veic taken sciially discaiding some ^^hlch vere unaccompanied 
by histones 

6 The coloified seia 

A recoid uas kept of the physical condition of the ‘^eia iccen^ed for the 
Wasserraann reaction The following siimmaiy gives then reactions — 

500 colouied seia 




Total, 

+ + 01 + 

± 

! 

t 

Anti com- 
plementarj 

1 

HTmol 3 'sed Red, brown or pink 

129 

162 

40 

1 108 

19 

2 

Bile tinged yellow oi green 

30 

21 

2 

1 6 

1 

3 

Chj Ions 

85 

67 


8 

5 

4 

Turbid with growth 

56 

44 

2 

G 

4 


1,000 mixed 

sera foi 

compaiison 







4-+ 01 + 

i 

— 





531 

94 

375 



The folloMing points emerge — 

(^) Hsemolysed sera give the vaiious icactions in piactically the same proper 
tion as the mixed seia , the general prejudice against them, theiefore, is unfounded 
Theie is, however, one seiious flaw in a led serum Without employing a special 
senim control (consisting of, (i) the serum undei test , (ii) antigen , (m) red cell 
suspension , (iv) saline instead of complement) it is very difficult to decide whether 
a reaction is . — 

3 kl H D 5 M H T) Reading 
I I 

01 L trace L trace (iiicgulai) 
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{v) llilo iinpf'il "i\{ ! ^!i il.i pi.tpoi lnm of ])imUi\( rcirtions ilian the 
mixed 'rn 'Jliofi.t ItowtMi m not n. i < ‘-'-uilx i^-'-oi nt. d with llio incic presence 
of hile in the '•eniin 'I In iii'Min. nntion*' lu i^’di i witli the noiinai =cra 
S>])liih'- mil )t.> iinudn (juitunlnlx tlu> nuiit'i nons ilnnjs and tlic indigenons 
system of niedii ition wlm h 1 n Iv ‘^t ind ndn .itnm hoih m (In', igc .md in adnimistra- 
tion) are peril i]..' n ‘'iion'-il'h fm tin jmndui m ni m\ ( The defect, inorc- 

o\cr, ( mnot hi o\ei(iMin 1 lu ''irnin fruni i j nmdiee imist he done if waiianled 
h\ ihnic d olueu itunu 

(in) Oidiniu ihxlon .-in gi\i t Innh po.-itm ligiiK Tin defect liowevci, 
can he oxirronn jurt fimii tin ixuliiu. of .i id irn) oi biniilni cause Blood 
tahdi ill tin nioniinn ''ifm. food will M.ld i ih u ..iniiii as a inle 

(n) .‘'I'll t'lihid on nioiiiil of « out m in ition \nd Iiuteiial ninwth gixc the 
hmliL't po.-ni\( lioiin Jl'w 111 tin jio'-itix < m n line In s\philis ind how fai 
to the cxtniuou' ignit'. in tin nrox. tli the wiitm ha\c not ditciinined This 
defect ignn i in he and 'hmild la oxneonn whinextr possible Lxchiding 
septic einia it n gi nu dl\ hluod coil, iti d in drojis funn lingers and toe‘' which gets 
hcaxilx contaniiii vl' d 

'lo sum 11]), po'-itui le ictioii'- gixeii h\ •^lighth lneinol\scd 'iia and hilc tinged 
sera arc to he tahcii av jiu'itixi , whih po'-iliM reactions gixeii 1 )> deep red seia, 
clnloiis sera or groi-'U cont iiniintid ^iri should oiil) lie taken as doubtful 
reactions ind repotted with fro'-li *-cri 

7 ('ertfint (lii^ocKihd co»fi(lc)alio)}s 

(i) 'Jlieanligon '1 he antigen docs not ajipoai to change at all, with keeping, 
cicii nndci tiopical conditions as long is the cxaporation is piexentcd The 
writers’ antigen his hern jircp.ued iccoiding to the method of Fildcs and 
McIntosh, from fieeli human hcaits of }oiing and healthy bnhjects All the hearts 
so far used were ol)l imed fiom jails after executions The scnioi xMitci had seen 
all the subjects jncxioiislx This kccjiiiig power of the antigen is important 
inasnnuh is both the coniplcincnt and the red cell suspension arc dependent on 
the antigen with regard to a standard dose » 1 j\l H D of the complement obtained 
■with a red cell susjiension of an optiinuin deiisitx'^ is cvactlj neutialized by the 
antigen used in a constant dose 

('ll) Opalescence icsiilling from a mivturc of certain scia xvith the antigen 
In the test of some sera while the lysis is quite complete in all the four tubes (2 test 
proper, serum controls), in the tubes of the test piopci a fine opalescence is 
obserx'cd Ko connection has been obscixcd between tbis opalescence and the 
precipitation pheiionicnoii of the Ixahii test done on the same seia The opalescence 
docs not signify a doubtful leaction 

(ni) A uegatixe oi a doubtful reaction becoming positwe after a piovocation 
injection The number of such reactions is not mconsiderablc They aie not to 
be legaided as doubtful, once a positixm result has been obtained, simply because 
xery soon before the positive reaction they gave a doubtfid or a negative reaction 
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SUIVIMARY 

] In doing a AVasseimann test with an anti-complementaiy antigen a seium 
control containing the functioning dose of the complement is essential Without 
such eontiol some negative hut slightly anti-complementary sera wdl he returned 

as ± or + 

2 Irregulai reactions occm with a constant frequency They aie best classed 
vith doubtful reactions, whatever the degree of inhibition of lysis may be 

3 Red cell suspension is not always of a constant density It can be 
standardized colorimetrically The M H D of the complement determined with an 
unstandardized suspension is not compaiable 

4 Under some conditions not fully understood, sometimes the antigen does 
not destroy one full M H D of complement as detennined with a standardized led 
cell suspension The allowance for the antigen then should only be the amount 
actually destroyed, not 1 M H U 

5 Of coloured seia positive reactions given by slightly hfemolysed seia and 
bile tinged seia arc to be accepted , while positive icactions given by decj) red seia, 
chylous sera oi grossly coiitamiiiated seia are to be looked upon as ± and repeated 
with fresh sera 

0 Weak and doubtful reactions can onlv be detected bv using a small dose 
of the complement The concomittent difliculty caused by seia of a modeiately 
high anticomplemeiitary titre can be efiectually eliminated by using the seium 
control containing the functioning dose of the complement 

7 Antigen does not deteiiorate with keeping A fine opalescence given 
by some sera, in the absence of any inhibition of lysis, is not a doubtful reaction 

8 The diagnostic value of a positive leaction is not decreased by the fact 
that a pioiocation injection was necessary to bring it out 
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M (t 'I n lAC \1{ I. \ 1 / '' 

Lit(nmntiiijiyt lii nqal Ilnilfh l)< jmihm iit Ciilciittii School of 

Troj iir/il I'ifiihiiiii anil Hqquni 

(I’ic<'i\r<l for imlilu ilioii Oitolwr " I'U'l ] 

Co n iinu mitml on tin |)l)\''ici! clinr, of the i\.'iter 
of ino«quito hrocdiiif; jiIkos uni much rhfului uork Ji.ns been done in different 
parts of the world with roj; ud (o flu Indtoof a kui tonccnli.ition uul the iinounfc of 
di‘;<ml\ eel o\\ jjcii of di‘i'-oKcd nitriti'-, di'^'-ohcd c irboii diovulc etc picseiit m 
the water of difTenmt t\itcs of brcidiiif' jil ico'' ScniorX\ hitc’fc(] 92 G) Ins been 
the most iinjiortaiit work o.irriofl out 011 this suliject 111 Iiidiii 

The pre-out in\< -ti^ntions were umkrt.iken to stud\ the range of Aarmtion 
in the amount of di— oI\ed o\>gcn iinong one )).irticular type of breeding places, 
inmel>, of stignuit wit<i (olhitions The obseixations wcic carried out at 
Souarpur, 2 i-Parganas Dntiicl, Bengal on jionds and ditches of a arming sizes 
containing stagnant fre-h w.itd fsix -pcucs of Anopheles breed m these stagnant 
ponds and ditches, iiamcl}, A baibiioslus aan dei B nip A hyieanvs var 
nigcirimus Tames, A fubginosns Giles 1 ininiinKS aai vaiima I}engar, 
A s!/ 6 picfi(s Gn-si iiid yl psendoja inrsi HUicl. iC Chdy The investigations ere 
earned out to ascert 1111 if the distiibution and iiumcrical prevalence of these 
si\ species m the dillereiit ponds weic in anv wa} related to the amount of 
dissolved oxygen 111 the water Estimations of the dissolved o\\gcn m the 
water of 332 breeding places in this area were earned out durmg hfovember 
1925 , but results hasc unfortunately been greatly delayed in prepanng for 
publication 

TechniqKe The collection of watci for the estimation of oxygen w'as earned 
out with considerable precaution to acoid all possibilities of absorption of oxygen 


* Semor-White, U Plwsical 1 actors m Jlosquito Ecologj, Bull Lnl I{cs,Xo] XM, Paris 
pp 187 218, 1926 ' 
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during the process of collection The details of the technique of collection are 
given in Appendix I The samples of vatei fiom the ponds were collected in the 
morning hours between 8 and 10 a m , and this vas done with a view to minimize 
the possibilities of eiror due to collection of the samples at different periods of the 
day The irapoitance of this procedure mil be discussed at a latei part of this 
paper Side by side with the collection of u atei for the estimation of oxygen, the 
species of Anopheles breeding in the uatei and then numerical prevalence were 
also recorded 

The estimation of dissolved oxygen uas earned out by Winklei's method with 
slight modifications Details of the technique are given m Appendix I It has 
been stated that the Wiiilcler method is not reliable in foul waters uith heavy 
nitrite contents, since the liberation of iodine b}' the oxygen could also be produced 
by the nitrites dissolved in the water, with the lesult that the estimations vould 
not be indicative of the actual amount of oxygen dissolved in the uatei But it 
may be pointed out that none of the ponds and ditches in the senes discussed in 
the piesent papei uas subject to any sen age pollution To be sure that there 
weie no mtiites in the water such as uould aftect the accuracy of the Winkler test 
ill the estimation of dissolved oxygen, a senes of test examinations of uater fiom 
ponds and ditches in the piesent series were carried out for the presence of nitrites 
and it was found that none of them had even a trace of nitrites These test 
examinations were cairied by Mr Narendranath Chatterjee, Assistant Analyst, 
Bengal Public Health Laboratory, and to him, the writer is much indebted for 
his kind help The results of these test examinations show^ that there is no 
justification for doubting the accuiacy of the Winkler test m the estimation of 
the dissohed oxygen content of the watei of the piesent senes of ponds and 
ditches 

Out of 332 ponds and ditches examined, the following lesults show^ the relative 
frequency of the \ iijing degrees of dissohed oxygen in the water 


Rchilivc ficquency of dissohed o%<jgen concenliation in ponds and ditches in 
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flnrt 1 pnjiliK il!\ ro])r( llio rolitut frcf]uonc\ of tlic tonccntriilion of 
dissoI\o(I owjK'ii in pninK m JMiinrpnr Tin di'-soKctl owgon content of tlie 
iin]or projinrtioii of llu' biMdiiif; ]iltc('' in lliii .irt'i nimcd between 1 to 3 mg 
pci litre of w it(.r 0\or M) per cent of tin bu eding places Ind 1 — 2 mg of oxegen 
per litre 21 per cent li 1(1 J — 1 nig p(t lilr< bs p( i cent li id 5 — mg and 14 pel cent 
had 1 — j mg Onh a cen sniill miinbd of breeding phees bad an oxygen content 
of n\(r ") nig jier litic , tin' liiglnst oxNgen (ignie iccoided in tliib senes is G 3G mg 
per litre 

The frccpiencj of neonrronce end the iiitcnsitc of Inecding of the six species 
of Uwphclcb in w iters with \ iri mg ooiicenti itions of dissolved oxygen is discussed 
below Two charts aic diawn up foi each of the six species of Anopheles 
iniestigatcd The first clinit shows the percentage of occurrence m the 
different grades of dissohcd oxjgen concentration The second chait shows 
the intensit} of breeding as shown b) the aveiagc luunber of larvie per 
breeding place in the different grades of dissolved oxygen concentiatioii 
The number of obsercntions on the In ceding places of these species both as 
regards the oxjgen concentration as well as the uumeiical piecalence of the 
lanal anopheles is sufficiently largo to warrant iliscussion This is so for each of 
the \arymg degiecs of oxygen concentration between 0 and 5 ing giade But in 
the case of the two last grades namely 5 to 6 mg and 6 to 7 rag , the number of 
observations made is far too small to be sufficiently lepresentative, being only 10 
and 4 respectively As such, any conclusions legarcbng the fiequency of the 
species of Anopheles or of their numerical prevalence m these two grades of oxygen 
concentration are not reliable since they are based on a very small number of 
observations These two grades have therefore been omitted from the charts, 
but the details of the records are given in Appendix II It may be pointed out, 



1174 Dissolved 0%y(/ei} in Delation to Anopheles Breeding 

hovrever, tliat the mimbei of observations of these two grades of oxygen concentra- 
tion namely 5 to 6 and 6 to 7 mg , could not have been increased since their 
propoition to the total number has been found to he very small 

Chakt 2 Ch-irt 3 

Anopheles baibiiostiis lelahon to (h^tiohted oxygen 
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Anopheles bcohiro&his occurs in all grades of oxygen concentiation It is 
particularly common up to the 4 mg grade (Chart 2) As legaids numeiical 
pievalence of larvie, there is no appieciable variation m the numbei in the different 
concentrations of dissolved oxygen {Chart 3) It seems that both as regards 
frequency of occurrence and numerical pievalence, A baibuostns is not appre- 
ciably influenced by the degree of oxygen concentration 


Chart 4 Chart 5 

Anopheles hyrcanus m relation to dissolved oxijgen 
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Anopheles hyicaniis occurs in all grades of dissolved oxygen concentration 
(Chart 4) , its frequency is highest in the region of 1—2 mg and it steadily 
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willi lucrtn'.m" ooiuuiti iIk'H 'llic ‘'luio (('n(l('n(\ is noticed in 

reesrd to (lie nnincno il jika di noo of lln '-perns (Clinrt 7) 

Piui.T 0 r'lnur 7 


\noplnI(s fuliinnosu' ni uhiliim In ilis<<(il> r(J oi>iii<ii 



1)1 sonni o\M r IlL'isourn O'cyqfs 


l)iop//(J<s shows i eridnil rise in frcr)ucnc\ witli s rise in the 

owgen ( one( nlnlioii ind lh( (nr\( rt i<li«s ps higlnsf l(\el in tlio legion of “ 1 — 4 
111" after whuh it duliins (t'hiit (>) Tin uoiige lsi\ i ciine of tins species 
winch shows (In int(iisit\ of Iirt ( diii" in o loli breeding pi ice also exhibits the 
same tendriK 1 (f’li ir( 7 ) 

(.II APT 8 f'lIAPT 9 


Anophoh s i mim vi nlahnv lo ihs^ohrd oxygen 



Dissolved oxvcis Dissolved oxvoen 

4 

Anopheles nmmmis ^a^ laruna is a \ciy common species in the Sonarpnr area 
It has been found to breed in ill grades of o\ygen concentiation and is particularh 
common in the 1 — 4 mg grades It shows a teiidenc} to decline slightly in the 
higher grades of dissoKed owgen concentiation (Chart 8) The iiiteiisit}’^ of 
breeding (Chart 9) corresponds to the frequency curve This species has been 
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found to bleed in ditcbes containing watei absolutely fiee fiom dissolved oxygen 
and also in ponds vitli an oxygen content as bigb as G 10 nig pei blxe 

Chart 10 Chart 11 


Anoplicles subpictus in lelaiion (o dissolved oxygen 



Dissolveb oxyofn Dissolved oxyofn 


Ano 2 dieles subpictus occurs mostly in tbe 2 — 4 mg giades and declines sbaiply 
after that concentration (Chait 10) Tlie aveiage lari a curve lepreseuted in 
Chart 11 does not sbov any lelation to the frequency cuive Tbe use of tbe 
former in tbe 4 — 5 mg giadc is due to beary bleeding lecoided fiom a single pond 
wliicb bas pushed up tbe aveiage figuic dispioportionately 


Chart 12 Ciurt 13 


Anopheles pseudojamesi in lelalion io dissolved oxygen 



Dissolved oxygen Dissolved oxygen 


Anopheles psendojamesi (syn A lamsayi Coveil) is most prevalent in tbe 0—1 
mg concentration and from that high pievalence, it declines rapidly with an increase 
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m tlic OMcen concentration (Chart 12) The fcame tendency is noticed m the 
a\crigc ]ar\a cnr\c (Chart 13) Tins species is usually associated witli Pistia 
slraiwlcSy a floatin': plant \\hich frequently co%ers up the cntiie surface of the 
pond'- In ponds thichh co^ cred n\ cr with Pisha the o\j'gen content is usually lou 

From the abo\ e discussed records it seems \ cr\ doubtful if the o\ygen content 
of the Mater has am direct relation Mith the pievalencc of the different species 
of AnopJick’! except p issibl} m the case of A pseiidojamcsi and hij) canits The 
otliei specici do not sIiom any relation direct or inverse, m ith the concentration of 
dfssoh ed o\> gen in the m ater, either as regards frequency of occuirence oi as regards 
numerical pre\nlence This is particularly true Mitli regard to A bcirbiroslns, 
nriini and •mbpirlti-^ It is likoh that a further examination of the records 
Mould shoM that o\cn in the case of such of the sjiccies as do exhibit some relation 
to the coiicentrition of oxrgcn in Mater, the relation is possibly due to an 
association Mitli some trpes of aquatic vegetation 

The 1 inge of distribution of each of the six species of anopheles in the present 
senes of obserr rtmns is indeed \ er\ 1 irge They ha\ e been found to occur in 
nearly the entire ringc of oxr gen coiicentrition met Mitli inthcarca A baibnoslns 
has been found from 7ero oxrgcn to G IG mg oxjgcn pci litre, and this covers 
the entire riiige met Mitli heie 1 subpidns ranges from 7cro oxygen to G 10 mg 
oxtgcii 1 laiunn ranges from 7Cio oxjgcii to G 10 mg oxygon A hyicamis 
also has a \en large range, from 0 IG mg to 6 IG mg A /u%i?ios»s ranges from 
0 97 mg to ") GO mg ind 4 pscudojamcsi from 0 44 mg to 6 4G mg 

Diuniaf fludaalion of dissolicd Oxygen Content of Pond naler 

The ralue of the so called ‘ oxygen loleiation hmils ’ of species of Anopheles, 
at any rate Mitli regaid to the species heie investigated and the breeding places 
of the locality as discussed in the present paper, is very questionable Tins is 
especiall} so Mhen it has been found during the course of these investigations 
that the oxygen content of the uater of the same breeding place shoMS most 
remarkable \ariations at difieicnt periods of the day It Mould be a mistake 
to speak of ‘ oxygen toleration limits ’ of these species, when it is found that the 
oxygen content of the same Mater may rise from a Iom to a very high \alue and 
fall again to its Iom level during the course of the day and yet the larvre continue 
to thrive in the water all the tunc The records of several pond investigated 
in this connection sIiom that these diurnal variations are natural phenomena 
In this series of obserr ations, estimations of the oxj'gen content of the Mater 
were carried out several times during the course of the day and mght and the 
observations Mere continued foi seveial days at a stretch The original obser- 
vations have been confirmed by observations during each of the subsequent 
days 

The rise and fall of the dissolved oxygen content of water in Pond No RY at 
Sonarpur is represented in Chart 14 The period covered by this series is 12th to 
14th November, 1925 On the 13th November, the oxygen content was as low as 

j, MR 13 
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2 15 mg per litre at 6 a m and it lose to 3 85 mg per litre at 3 p m on the same 
day The same phenomenon is lepeated on the following day, the 14th November 
These dniinal variations are seen even nioie conspicuously in Pond No BT, the 
observations on vhich were carued ovei the same period, 12th to 14th Novembei 
(Chart 15) The vaiiations in the latter pond are even more marked than in 
Pond RY At 6am on the 13th, the oxygen content was at 2 95 mg per litre and 
at 3 p m on the same day, it had iiseii to 5 6 mg , nearly double vhat it vas nine 
hours previously A similar occurrence has been recorded on the following day, 
the 14tb November 

Chart 14 

Dimnrd JIvchiahov of dissolved oxygen— Pond RY 



Chart 15 


Dimnal flvctiiahon of diswlved oryoen—Pond BT 
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obscnalioii'; \\cro conlinucd for fnc (la\s nt a stretch For two clays, Fourly 
estinntions of tlic ow pen content of the wafer were canicd out during day-time 
The results of these estimations arc gi\cn in Appendix III and the aaariation is 

Chapt 16 

Diurnnl iaii<tlinii<; of dissolud orijgcn —Pond RY 



CirAUT 17 

Dnonal i(nialtnn<; of di‘!'<o}ud ooyqcn — Pond BT 
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graplncally represented in Ctarts 16 and 17 The period of observation was 16tb 
to 20tb Novembei and tbe two ponds BY and BT were investigated During each 
of tbe days, it is seen that tbe dissolved oxygen content is lowest at about Gam 
and leacbes its bigbest level between 3 and 4 p m in tbe afternoon and thereafter 
declines gradually till it reaches its lowest level at 6 a m on tbe following day 

These recoids arc of interest from tbe biological point of view Tbe fluctuations 
of tbe oxygen content of pond water aie due to two factors, (1) tbe production of 
oxygen as a result of photosynthesis by tbe flora of tbe pond, and (2) tbe absorp- 
tion of oxygen as a result of respiiation by tbe plant life and animal life of the 
pond YTiile tbe formei piocess is restricted to tbe period of sunshine, tbe latter 
goes on throughout tbe day and night Tbe impoitant elements of plant life 
responsible for tbe enormous output of oxygen during day time are algse, especially 
tbe very minute forms belonging to tbe families Vohacacece and Plew ococcacece 
Tbe actual output of oxygen by these algae being diiectly dependent on tbe amount 
of sunshine, tbe maximum oxygen content of tbe wmter is reached between 2-30 
and 4 p m in the afternoon This is about tbe time when tbe temperature of tbe 
water is also at tbe bigbest In this connection, it may be pointed out that tbe 
maximum temperatuie of land surface cut in tbe sun is reached at about 1-45 p m 

It IS interesting to note that tbe peiicd of bigbest temperatuie is nearly tbe 
period of maximum dissolved oxygen content since both these factors are resultant 
of tbe amount of sunshine This is mentioned here because tbe vritei was warned 
to allow for tbe temperature of tbe vatei in estimating tbe amount of oxygen, 
since the amount of dissohed gases vanes inversely with tbe tempeiature But it 
has been found in tbe stagnant water ponds of Sonaipur that tbe temperature of 
tbe water rises simultaneously with tbe rise of dissolved oxygen concentration as 
tbe result of sunshine 

As vas stated above, tbe processes of production of oxygen and absorption of 
oxygen go on side bv side in tbe pond During tbe night, tbe production of oxygen 
m tbe water is totally suspended and tbe amount of oxygen in tbe water gradually 
diminishes as tbe result of respiiation by tbe plant and animal life of tbe pond 
This piocess of using up of oxygen goes on till sunrise on tbe day following w'ben tbe 
production of oxygen starts and checks tbe dowmwmrd fall of tbe curve Soon 
after this stage is reached, there is more production of oxygen than is used up by 
respiiation and tbe oxygen curve uses gradually till it reaches its maximum for tbe 
day between 3 and 4 in tbe afternoon With a lessemng of tbe sunshine, tbe 
onwmrd rise of tbe curve is stopped and tbe cur^ e declines thereafter 

Plant physiologists demonstrate tbe existence side by side, of the two processes 
respiration and photos} nth esis in plants exposed to sunlight In plant tissues 
carrying on vigorous photo synthesis, tbe process of respiration is not ordinarily 
noticed, because it is masked by tbe more vigorous piocess of oxygen production 
Even duiiug tbe tim^ when active photosynthesis is going on, tbe process of respira- 
tion could be demonmated by shading the plant and thereby leducing or totally 
stopping pbotosyntbetm activity, when tbe process of respiration wbiob has been 
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going on all llic Innc, become? apparent These same phenomena are demonstrable 
m a pond as well II is possible for the oxygen figure to show a fall oven at midday 
if the sun should be eo\ cred by a passing cloud Such an event happened between 
11 am and 12 noon on Ihe IHlh bfoacmbei and this is refleetcd in the oxygen 
cur\es of the two ponds BT and BY (Charts IG and 17) The oxygen curve which 
had been rising stcadil\, siiddcnlj sbowed a decline, but when the cflect of the 
cloud was o\cr, the tunc rose again soon after 

These results arc of considerable biologic il iiitcicst and the wiitcr has therefore 
duerged somewhat fiom the main question of the relation of dissohcd oxygen to 
Anopheles breeding The writei is not aware of anv previous work on these vciy 
remarkable diurnal aarntions in the ox}gcn content of pond water 

In stud\mg the iclation of Anopheks bleeding to the amount of dissolved 
ox? gen, it was stated that the collcLtion of samples was restiicted to the morning 
hours between S and 10 a m In \ icw of these diurnal \nriations, the importance 
of this precaution is apparent 

To rc\crt again to the subject of dissohcd ox)gcn in relation to Anopheles 
breeding at Soiiaipur, the writci bclimcs that in the light of the above researches 
on the enormous diurnal \ari itions in the concentration of dissolved oxjgen, there 
IS no likelihood of obtaining aiij definite ox\gcn tolciation limits for these species of 
Anopheles If, on the other hand we should stud} the aquatic aegctation and its 
relation to anopheles bleeding, we should probably obtain less var\ing results 
For instance, it has been found th it the piescncc of a dense covering of the water 
surface b} Pistifnsusualh associated with the pi esence of the two species hyicamis 
and pscurJojamcsi 1\ hen the Pnlia occuis sparsely, other species breed m addition 
to these, like vatuna and /(di^uiosas In the presence of Eichhonua in the water, 
we commonly find A laruna alone bj itself or in company with hyieanus and 
pseudojamesi IMicn a pond is clcir oi has grass at edge, A vcnitna is the most 
prolific breeder Small ditches in the shade usually bleed A baibiwslns and 
A lariina IMierc there is much decaying \cgctation with rotting bamboo leaves 
and the pool IS shaded, bcirbiios'ns ih \ct^ common Y here sub-aquatic bushes 
of aquatic plants reach the water surface, A fnhginosns is \ ery common 

A moic representatn c scries of obscr\ations with a mow to study the relation 
between the aquatic vegetation and the species of Anopheles is being carried out at 
Sonarpur and it is hoped that some more definite information wall be had 
which would enable us to understand the laiiations in the distribution of the 
species m the dilleient ponds and ditches 

The ivriter desires to acluiow ledge his indebtedness to IMr Narendranath 
Chatterjee for having earned out a senes of tests for mtntes 

Summary 

Investigations on the dissolved oxygen concentration of water in stagnant 
ditches and ponds near Sonarpur were earned out with a view" to study the relation 
of oxygen concentration to Anopheles breeding The dissolved oxygen content 
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of ditches and ponds ranged from zero to 6 5 milligrams per litie of water, hut 
the greater proportion of the breeding places had a dissolved oxygen content of 
1 to 4 milligrams per litre 

The SIX species of Anopheles investigated in this connection did not show any 
definite relation to the concentration of dissolved oxygen except in the case of 
Anopheles p/seudojamesi and hyicamis which shoved a dimimshed prevalence with 
increasing oxygen concentiation But it is possible that even these two in- 
stances aie meie coincidences and that this apparent relation is actually due to 
the association of these two species vith the aquatic plant Pistia 

All the species of Anopheles studied vere found to breed in all grades of 
dissolved oxygen concentiation and there is no evidence of any ‘ oxygen tolemlion 
limits ’ m any of the species studied It has been found that the surface vater of 
ponds show remarkable variations in the concentration of dissolved oxygen at 
difterent periods of the day , and Anopheles laivce bleeding in the pond aie not 
affected in any vay by the great fluctuation in the oxygen content of the vater 
during the course of the day which seems to be a natural phenomenon 

The remarkable dimmal vaiiations in the dissolved oxygen concentration in 
water of ponds has been studied in full detail The oxygen concentration 
reaches the lowest level for the day at 6 a m and reaches the highest level between 
2-30 and 3-30 p m These fluctuations aie natiual phenomena obseived invariably 
diuing each of the days during vhich these obseivations vere carried out and in 
every pond investigated They arc caused by the process of oxygen production 
through photosynthesis during day-time and the using up of oxygen through 
respiration by the plant and aminal life of the pond throughout the day and night 
Dining day-time, both the tvo processes go on side by side, but the process of 
oxygen production through photosynthesis is the more active process and thus 
masks the process of respiration The highest oxygen concentration of the pond 
V atei is reached at a time when sunshine is greatest and when the temperature of 
the water is also at its highest Minute algse play a very large part m the increase 
of the dissoh ed oxygen concentration of the water 


APPENDIX I 

Technique of loalei collection and estimation of dissolved oxygen 

The collection of vater samples for dissolved oxygen estimation was done 
betv een 8 and 10 am 

A collecting apparatus as shown in the Text-figure v as used for collecting water 
for oxygen estimation The purpose of this apparatus is to obtain a sample of v ater 
vhich has had no contact with atmospheiic oxygen diuing the process of collection 
The apparatus consists of two bottles of about 500 c c capacity fitted vith rubber 
stoppers and glass tubing as shown in figiue The inlet tube of each bottle reaches 
the bottom and the outlet tube is on a level with the stopper All the joints are 
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tested for being nr-tiglit The end of tube A is placed in ■water cabout t'wo feet 
awa> from the edge of the tiond and at a dcjith of I Mo 2 inches below the surface 
and air is siicKed in at B 'J’lic fir'll bottle fills up first and the second bottle gets 
filled in with the water from the first bottle and the lattci gets a fiesh sample of 
water which has hid no cont ict with atmospheric oMgen dming the process of 
collection 
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'When the second bottli is nciiK full the collecting atipaiatiis is taken out 
and tube A nisei ted into i diy icagent bottle of about 250 cc capacity and the 
water is slowly allowed to fill it by gi icitation A\hen the bottle is full, a certain 
amount of water i= illowcd to o\cifiow, the tube is then reinoxcd and the bottle 
stoppered iinmediatcl} 

The estimation of dissoNcd ox'^gen of the sample is earned out as soon as 
possible after collection The stojijiei of tin leagcnt bottle containing the water 
sample is remoced carcfiill) <iiid I c c of a situritcd iqueous solution of manganoub 
cliloiide IS I nil III iiid this is followed by iiiiiiiiiig mice of alkaline potassium iodide 
solution, the tip of the pipettes being placed below the surface of water so as to 
ayoid agitation The bottle is then stoppered and slow ly rotated to ensure thorough 
ninxing The bottle is then placed in a dark cupboard for 15 nnnutes to allow the 
sediment to settle ’\^ hen the sediment has completely settled, 3 c c of strong 
hydrochloric acid is idded, the bottle is stoppered and slowly rotated to dissolve 
the xnccipilatc This process liberates an amount of iodine cquiyalent to the 
amount of the free o'ygen which was present nr the water The contents of the 
bottle are then xiouied into a titrating flask rnd the amount of free rodnre estimated 
by titiation with thiosiiljihite solution The titration is earned out as rapidly as 
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possible, starcb solution being added ton aids tbe close of tbe titration Since the 
strength of tbe tbiosulpbite solution varied from day to day, it was standardized 
daily against a solution of potassium permanganate of known strength 

The calculation of dissolved oxygen present m the water is done as folions 
Suppose that the exact capacity of the bottle is 252 c c The quantity of the 
reagents added first, namely 2 c c , should be deducted from the capacity of the 
bottle Supposing that 17 6 c c of tbiosulpbite solution was lequued for the 
titration and that 36 0 c c n as found to be equivalent to 2 mg of oxygen by titrating 
it against standardized potassium permanganate solution, the folloving calculation 
w'ould give the amount of dissolved oxygen in the water — 

Capacity of bottle — ^252 c c , less 2 c c (amount of reagents added) = 250 c c 

250 c c of w'ater required 17 6 c c tbiosulpbite solution, w’hich is equivalent to 

2x176 r 

- nig of oxygen 


Dissolved oxygen in 1,000 c c of the same water would be equivalent to 
2x17 6x1000 r 

250X36 

The oxygen content of the w'ater would thus be 3 95 mg pei litie of watei 


APPENDIX II 

A Frequency of occurrence of anopJieles in ponds with diffcient conceniiations 

of dissolved oxygen 
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APPENDIX III . 

A Pond RY — Record of vanalion of dissolved oxygen content 
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THE LAEVA OF AyOPHELES TURKTIUDl 


B\ 

MOT IYEXO\R, BA , r^s , 

Lntomoloqist, Baiqal Public Health Dcjinrlmait, Calcutta School of 

TiojacaJ Medicine 

[Rcccl^c(I for publicntton October 21, 1920 ] 

Tin lanal r>{ hio]ihclc<i tin] hudi Ins been nnpoifpctlv bnottii and 

instances ire ml nncoinimn of otfier species of Anopheles being inistakenh 
identified as A tuilhudi It is desirable tlicicfoie tint a complete dcseiiption of 
tlie lnr\a IS pnblisbed Tlie I.n\a of A turlhudi lias se\cral \er 3 eliaiacteiistie 
features wliieli Mben kmiMi would piobabU eliminate siieli mistaken identifications 
The egg of A turJhudi lias been sliown b\ Stcplicns and Cliiistopliers (1902) to 
beacr^ cliarnclenstic , then figuics show that tli esc eggs are quite unlike tliose of 
am other species of Anojhrlcs Thc> had also described the clypeal and palmate 
hairs of the larva The present description of the lan^a brings out its several 
\er\ characteristic features, some of which arc probably unique 

At once the most characteristic fea+mc of the larva of A tiirlhidi is the shape 
of the mouth-brushes as seen in an exserted condition These blushes project 
straight out on cither side of the head and aic quite unlike those of othei anophelinc 
lante The characteiistic mouth-bnishcs of ^ /in /./iW?r are seen in Plate LXXIII 
figs 1 & 2, and the} are strikingly difiercnt from the ordinary type of mouth-brush 
of Anopheles larvai seen in Plate LXXIII, fig 3 Another feature of the larva of 
A turlhudi is the pnimtuc condition of the frontal haus wdiich are drSerent 
from other anophclines in that the} arc poorly dev eloped and sparsely branched 
In larvse of other species of Anopheles the frontal hairs are conspicuous, 
densely branched and plumose The only exceptions known are the tree-hole 
breeding anophclines (Iyengar, 1930), in which the frontal hairs are thm, short 
and inconspicuous Other clnracteiistics of A tuiUmh Iona are the entirely 
unbranched clypeal hairs the very long posterior cl}qieal hairs, minute and 
poorly developed palmate hairs whieh are present only on the three abdominal 
segments, 4th, 5th and Gth The resting attitude of this larva has been noted 
by previous workers to be difterent from the ordinary Anopheles larva, m that 
the larva rests at an angle from the water surface instead of being parallel to it 

( 1189 ) 
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The Laiva of Anopheles tnrldiiidi 


The follo^^Ulg IS a detailed description of the laiva of Anopheles hollmdi 
General appearance and coloration very snnilai to A suhpictus larva Length 
5 to 6 inm , breadth of thorax 1 5 mm 

Head Mouth-brushes very characteiistic in appearance when exserted 
(Plate LXXIII, figs 1 & 2) They stand out stiaight on either side of the clypens 
This characteristic appeaiance cannot be made out U'hen the deeding brushes 
are withdrawn underneath the anterior part of the clypeus The bustles of the 
brushes are stifl: and straight and feebly hooked at the tip The exserted mouth- 
biushes of A tioUindi lesemble somewhat the mouth-biushes of a Megailimns 
larva No other species of Anopheles has been obscived to have a month-brush 
as m A tuillnah, the ordmaiv type being that seen m Plate LXXIII, fig 3 

Clypeal hairs aic all simple, unbranched and unfiayed Themnei hairs are 
long , the outer ones aie thin and about half the length of the inner clypeal hairs, 
and stait slightly behind the base of the lattei Postcnoi clypeal hairs aie very 
long and they stand out erect They aie as thick and as long as the innei clypeal 
hairs and pro]ect beyond the piofile of the clypeus They start far apart, on a 
level with the bases of the external clvpeal bans or even external to these 
The disposition of the clypeal hairs is seen in Text-figuies c and d The bases 
of the three pairs of clypeal hairs as seen in a flattened clypeus aie shown in 
Text-figure e 

Frontal hairs are poorly developed and differ from those of most othei 
known species of Anopheles The bans are quite thick but are lacking in the 
plumose branching present m other species The inner fiontal haiis are long and 
thick, and have 2 to 3 blanches The median fiontal bans hare 2-3-4 blanches 
and the external hair'? have 3-4 branches 

Antenna devoid of an-v large branched hair it has a small unbranched hair at 
about half-way up tlie shaft , spines on shaft shoit and minute Teiminal blanched 
ban of antenna, noimal in character Basal hair of antenna plumose and noimal 
Occ^ntaJ haus Innci ones are long and simple , external ones 3 to 5 branched 
all the occipital bans aie inserted in a line Head pattern (Text-figuie a) not 
conspicuous and similar to that of A subpxcliis 

Tlioiax Shoul del -hairs are not conspicuouslj- pigmented The inner and 
median shoulder-hairs are plumosely blanched and posset’s well developed roots 
They aiise far apait from each other The inner shoulder-hair has about 18 to 
22 blanches, and the median one has 16 to 21 branches The external shoulder- 
haii IS simple as noimally, but it is uniquely very long and thick, often nearly as 
long as the median shoulder-hair In most othei species of Anopheles the external 
shouldei-hau is small and minute 

Palmate hairs absent on thoiax and on the first three abdominal segments 
Abdomen Large branched lateral haus of abdomen, noimal, i e , two on each 
side segments 1 and 2, and one on either side on segment 3 Palmate haus present 
on segments 3 to 6 only They are absent on segment 7 The number of leaflets 
of the palmate hairs is small, usually about 9 to 12 The leaflets are short, 
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mc^sn^n■l" nhonl II jt ionsi, niul 5 fo 8 ji broad At about tlirce-fourtbs its 
length, the leiflcl con'sincts nluupth and tapers to the tip The tip is usually 
truncate but nnv n^cfl‘^lo}^ll^ be acute There is no tjpical filament, unless the 
terminal poition of the leaflet is termed as such There is no great difference in 
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Text fi"«rc Inophelrs lurihutit larva (camera lucida dra\Mng3) 

a Head 
b 1 rental hairs 
c and <1 Chpcal hairs 

c Bases of clj ptal hairs as seen in a eh pens dissected and flattened out 


appearance of the leaflets m the three pairs of palmate hairs that occur on the 
larva The leaflets are usually broil n in colour 

Scutai are present but they aie not conspicuous oi very large 
The ehaiacteristic features of A iwlhudi lari a are — (1) distinctive mouth- 
brushes , (2) simple clypeal hairs , (3) long posterioi clypeal hairs , (4) sparsely 
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The Larva of Anopheles turkliudi 


branched frontal hairs , (5) tbe sboulder-hatrs , (6) minute palmate hairs restricted 
to segments 3 to 6 of abdomen 

The egg and the important features of the larva of A tu'/lhidt have been 
described by Stephens and Christophers (1902) and later by James and Liston 
(1912) The latter authors have correctly figured the peculiar mouth-brushes of 
this species 

Patton (1905) in describing the larva of A aznli, which has since been 
placed as a variety of A hokJmdi by Christophers, had observed that A aznli 
has a mouth-brush similai to the ones described above in A tmlJiud/i He 
remarked that the feeding brushes of the larva of aznJa are placed laterally 
Patton observed that the larva suspends itself m the water like a culex lan'a 
and that its body below the water surface from the head up to the 2ud segment 
are submerged (Patton, 1905, p 633) It is evident that tbis form from Aden 
IS very closely allied to A lutUmdi A fmtber examination of its larva would 
determine whether it is identical with A imllmdi or is a distinct variety 

The larvee of species allied to A imllmdi are not knovn sufiiciently well It 
IS desirable that the laivie cf vm aztih, Patton, vai }msxcus Edw , A Jnspamola 
Theob , A italicus Rafi , A fiaviceps Edw , and A mnliicoloi Camb are studied 
in order to ascertain then lelationsbip to A twlliudi 
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A 'STVXDVRD WTHIEN’’ FOR USE IiY ALL FLOCGULA- 
TJOX TESTS FOR SYPHILIS 


nv 

K y KRTRIIXA'N', mu m n c p i , b b (London) 

(Knla-aziir Comimssion ) 

[l{ccei\oJ for publication, October 21, 1929 ] 

Tin prnt snnpliciU and fur rclnbihU of the different flocculation tests for 
'iTilnlis arc nialnng tlicni incrcatingl\ popular all o\pr tlic itorld In the United 
f'tatcs the Kahn test has practicalR replaced the Yassernmnn reaction in most 
of the important lahoratones In Great Britain, the staunch adherence to the 
time honoured Y n‘:«eniiann reaction is heing slnuh broken down and it is now not 
unconiinon to see <=01110 of the leading labor itorics in Ijondon, Glasgow and Edinburgh 
adopting the flocculation tc'=t with vcr% proniicing results In contmental labora- 
tories al«o, one or other of the iiiani flocculation tests is being used in the routine 
diagnosis of =^'phIlls There is no doubt that with certain improvements in tech- 
nique and in the method of staiidardiration of the antigens used the results obtained 
with these tests will bo as reliable and as bjieeific as those of the Wassermann re- 
action itself I'or, after all, when one considers the relation betw’cen the flocculation 
tests and the y asscriiiann reaction, it a])pears the interaction between the serum 
and antigen is essentialh the s.iinc in the two cases In the flotculation tests the 
ratio between the reagents is such that the end result of their interaction becomes 
rcadiR Msible, whereas m the yassermann reaction the ratio is quite different and 
the end result is not Msible, a special indicator in the nature of a hamiolytie system 
being used to detect the reaction Uean, who is a recognized authority on the 
nature of these reactions writes ‘the process which causes precipitation and 
complement fixation is m all probability the aggregation of molecules present in the 
antisera by the icticn of the antigen yffien sufficient antigen is present aggregation 
takes place energeticalR and fleecub are rapidly separated Tliese are the condi- 
tions fa\ourable to the precipitation reaction If a relatively smaller amount of 
antigen is present the prceess of aggregation is slower and less complete These 
are the concbtions where the mdiMdual particles which fonn the precipitutc 
are extremel} small, but the surface afforded by all the particles of such a 
precipitate must be larger than that offered by a precipitate composed of 
large flocculi It is indeed possible that there is a direct relationship betw'een the 
surface area of the particles of the precipitate and the amount of complement 
adsorbed 
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It can, m fact, be shown experimentally that either complement fixation or 
precipitation can he produced with the same antigen and the same antibody by 
merely varying the proportions of the mixtures ’ From this woilc of Dean, which 
has been furtlier confinned by Sachs, it is but just to presume that in the very 
near future these simple flocculation tests ivill become the standard methods for 
the routme diagnosis of syphilis 

Although a very large number of flocculation tests have been described for 
the diagnosis of syphilis, the two most popular are the Sachs Georgi and the 
Kahn tests Everyone who is familiar w'ltb these tests will certainly agree that 
neither of them have yet been perfected enough completely to replace the Wasser- 
raann reaction Wiile both of them have numerous advantages over the other 
flocculation tests, neither of them has shown in the past absolute agreement with 
the Wassermann reaction m all hands Tins is all the more surprising when one 
remembers that the Wassermann reaction is the more complicated reaction of the 
two and necessitates the use of a larger number of reagents some of which are very 
difficult to standardize accurately However, a detailed study of the two floccu- 
lation tests above leferred to does reveal why this lack of agreement with the 
Wasseimann reaction exists 


The Sachs Geofgi Test 

This IS, of course, the simplest and the cheapest of the flocculation tests 

The antigen is a cholesterohzed alcoholic extract of wet heart muscle and is 
easily made 

The articles of apparatus required to perform the test are the oidmary graduated 
pipettes (1 to 10 c c ), glass tubes (size 7 5 cm length X 1 cm diameter) and 
incubator All these are usually available m every laboratory 

The test itself is done by adding one pait of a 1 m 6 dilution of the antigen 
to two parts of varying dilutions (1 in 2, 1 in 4, 1 m 8, 1 m 16, 1 m 32 and 1 in 64) 
of freshly inactivated senun and incubating the mixture from 4 to 12 horns at 
37°C , before reading ofi the results The quantities of the reagents used are large 
(4cc and 2 c c ) and do not allow of any great error from measurement asm the 
Kahn test 

The results obtained with the Sachs Georgi test m the past though fairly satis- 
factory, did not completely agree with those of the Wassermann reaction This 
lack of agreement was chiefly due to the absence of an efficient method of standard- 
izing the antigen This defect, how'^ever, has recently been remedied by the 
writer who has described a method of standardization by w'hich a ‘ standard antigen ’ 
of nmform optimum sensitiveness could easily be obtained The results given by 
this standard antigen in several hundreds of Sachs Georgi tests carried out lu 
the Department of Bacteriology of Edinburgh TJmversity wmre in complete 
agreement with those of the Wassermann reaction This antigen is also being 
used for the Wassermann reaction in a higher dilution (I in 12) with very 
satisfactory results (unpublished) 
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Tho >500011(1 complaint auainsf tlio Raclia Goorgi test is that it is not as rapid as 
the Kahn, tlio results heiiig oht lined onh at tlio end o{ 4 to 12 hours’ incubation 
Tins dela\ , if it ina> be tailed so, is ino\it ible due to the very dilute form in vbicli 
both spriiin and intiiien are used in the lest It is well known that in all precipita- 
tion reactions the time t'lkeii to obt nil lesnlts is closcl} iclated to tlie ratio and 
the concentration of the reigents used The neircr these tw'o factors approach 
the optimum conditions the qiiukcr the result Also mcehanical agitation hastens 
flocculation Takinc into consider it ion the fact that syphilis is not an acute 
illness 111 which a ler} urgent laboraton diagnosis is needed, a delay of 4 to 12 
hours in obtaining results is not to be considered i point against tlie test 

The third and probibh the graxest charge against the Sachs Geoigi is that, 
as a result of incubation for diout 12 boms bacterial growth is likely to occur in 
the serum antigen mi\tmcs This would if jircscnt, undoubtedly interfere with 
the reading of results Vs no nsejitic precautions are taken m the performance 
of the test this objection is ccrtiinh of some inpiortancc Oui experience with a 
laige number of these tests shows that with ordinary cleanliness and care this 
objection becomes indeed xerj negligible 

TItc Kahn Test 

The greatest adiantage of this test is the lapiditv mth winch results can be 
obtained 

The antigen is made in a moic elaborate method and involves greater time, 
labour and cost It is a cholesteroli/od alcoholic extract of cether-cxtracted di 5 % 
powdered heart muscle 

Tlie apparatus required to perform the test is not quite as simple as in the 
Sachs Georgi, special actni itcly graduated pipettes, shaking machines, etc being 
required These ilso help in enhancing the iclative cost of the test 

The test itself is \er> simple and is performed by adding varying amounts 
( 05 c c , 025 c c , 0125 c c ) of the antigen saline suspension (1 4-1 1 saline) to a 
definite quantity (0 15 c c ) of freshly inactivated seiiim and shaking the niii.tuie in 
an clectiic shakei for S minutes The mechanical agitation, together with the opti- 
iiiuni concentration of the two reagents used, help to bring about the maxmium 
flocculation in the niimmum period of time To each of tho tubes after the shaking 
1 c c of saline is added and the results lead ofi The accurate measuring of the 
verj minute quantities of the leagents used is at times difficult and proves a 
drawback to the test 

A study of the results of the Kahn test shows that in most hands, there is very 
close agreement with those of the ‘Wassermann reaction The lack of complete 
agreement sometimes complained of is mainly brought about either by errors m 
the measuring of the very minute quantities of the antigen saline suspension or 
by the use of antigens imperfectly standardized The latter, probably, is more 
often the case, for in the experience of many, the Kalin antigen is rather difficult 
of accurate standaidization even wdien one follows his directions fully Some of 
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the antigens obtained from Kahn himself axe at times found to be below the 
optimum sensitiveness 

From the observations made above it is perhaps justifiable to state tliat the chief 
lirawback an these flocculation tests is, probably, the absence of a reliable methwl 
for the efficient standardization of the antigen used Wien once a suitable method 
IS available, the antigen so prepared can be used not only with absolute reliability 
in ail the different flocculation tests but also in the Wassermann reaction The 
only difference will be m the dilutions of the antigen used, this, of course, varying 
with the different tests. 

One of the objects in presenting this work has been to show how the ‘ standard 
antigen’ recommended by the writer foi use in Mackie’s modification of the Sachs 
Georgi reaction can also be used in the Kahn test wuth more satisfactory results 
than Kahn antigen itself. Furthermore an attempt has been made to show how, 
by combmmg the nse of this ' standard antigen ’ with some of the best features of 
the Kabn test, a flocculation test of great simplicity, economy and efficiency can be 
evolved It is not at all tbe intention to add one more test to tbe already over- 
crowded list of flocculation reactions but rather to suggest a highly reliable and 
simple method suitable for Indian conditions The fact that the ' standard antigen ’ 
could be used not only m the Sachs Georgi and Kahn flocculation tests but also in tbe 
Wassermann reaction with absolutely reliable results is evidence m favour of calling 
it the ' standard antigen ’ 

The Standard Antigen 

In a previous article (Knsbnan, 1929) a method of standardizmg antigens fox 
use m Mackie’s modification of the Sachs Georgi reaction was described This is 
a cholesterolized alcoholic solution of W'et .<iheep heart muscle standardized to con- 
tain a total lipoid-cholesterol content of 1 07 per cent and a cholesterol-content 
less than 25 per cent Fair quantities of a number of different antigens prepared 
and standarcbzed by tbe above method was available for further study It was 
thought n orth while to see if these ‘ standard antigens ’ could be used in place 
of the Kahn antigen in his test Theoretically at least this should be possible if 
our method of standardization was reliable From previous studies it was evident 
that the ‘ standard antigen ’ contained about half the concentration of lipoids 
and cholesterol that was m the Kahn antigen Therefore it was decided to use 
double the quantity of the antigen saline suspension recommended by Kahn Thus 
to three tubes containing eacb 16 c c of freshly inactivated serum, 1, 06 and 
025 c c of a 1 m 2 antigen saline suspension w as added and the tubes shaken w ith 
the hand (no electric shaker being available) for 6 minutes, at the end of which, 1 c c 
of salme was added to each tube and the result read off Side by side, using tbe 
same sera, the Kahn test with Kahn’s own standard antigen (Lot No 17) and tbe 
techmque recommended by him, was also done The only difference was that, 
instead of using the electric shaker for 3 minutes, the tubes were shaken by the 
liand for 5 minutes The results of 62 sera containing known positives and negatives 
are given in Tables lA, IB and 1C 
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Table IC 


Twenty-six known negative seia weie also tested All agteed except two which 

gave results as follows — 


Niimber 

of 

Sera 

! Kahn Antigen 

I 

1 Standard I 

Standard II ! Standard V 

1 

05 

025 i 

0126 

1 j 05 

025 

1 

1 05 
( 

025 

1 

05 

025 

1 

2 

i 
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i 
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1 

I 

( 1 

! 

i 

1 

j 1 

j 

! 

! 

1 

1 

\ 

1 

j 

1 

— 

i 

1 
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For purposes of reporting these -would be taken ns negative to Kahn’s test 


It tMll be seen that there was complete agreement m the ease of the stiongly 
positive sera "With the weakly leacting sera, the ‘ standard antigen ’ gave bettei 
and clearer results than Kahn’s antigen "With regard to the sera giving a negative 
Wasseimann reaction Kahn’s test showed in two cases, slight flocculation in the 
third tube, vhile the ‘standard antigen’ did not These two sera, however, 
would have also been leported as negative to Kalin’s test 

Modifications in Technique 

As already pointed out one of tbe probable sources of error in the Kahn test 
IS the use of very minute amounts of tbe antigen saline suspension This is 
corrected to a certain extent by the use of the ‘ standard antigen ’ in place of 
Kahn’s It is commonly lecogmzed that foi the measurement of small quantities 
the dropping method using standardized pasteur pipettes is relatively moie 
accurate than the volumetric method using graduated pipettes Also the 
apparatus used m the former method is easily made and immlves less cost 
Hence it was decided to see if the dropping pipette method was really 
dependable for employment in the flocculation test above desciibed uitli the 
‘ standard antigen ’ 

In all precipitation tests it is the ratio betu een the reagents that is important 
and not the actual quantities used The ratio of the serum to the ‘ standard 
antigen ’ dilution used in Kahn test was 6 4,6 2,6 1 Hence, maintaining the 
same ratio, tests were performed using the dropping pipette method The pipettes 
for use were all standardized befoiehand to ensure uniformity in the size 
of the drops This was done by — 

1 Having the lower ends of all pipettes of the same external diameter 
Their ends ueie passed through a wire ring and, at the place wheie the pipettes 
weie held tight by the xing, they were filed oii 
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2 i\lninl lining n uniform info of iltfnor^ of drops — ^tlic faster they are 
(leluered flie Inrgoi the drop'' iiid the sloMti Ilu> irc dclnered the sniallei the 
drojis Tlie rate of ihonf \ droji i second \sas found snfibfactoiy 

f lining the tenipeiitnns of the reigents used tlic same as that of the 
room As he it dnmmshes surfac e tension the liottei the fluid the smaller the drop 
Hence the serum after heiim inactnatcd w is brought down to the temperature of 
the room, before use 

1 Holding the jiipittes while in use ilw i\s \ertical If held obliquely the 
S170 of drop IS bound to \ar\ 

The (r’!f — This was done In adding to 3 tiiiics as in the Kalin test, 4, 2 and 1 
drop rcsjiectncH of a 1 in 1 antigen saline susjiension and then adding to each 
tube C drops of undiluted, iiiactnateel situiu The tubes weie shaken with the 
hand for Ti ininutes it the end of whith lee of sfluie was added to each and the 
result read ofl Side In side tlie sune sen were tested using the volumetric method 
for coinpirison In all, ninelecn sera cont lining known positives and negatnes 
were exainincd Table II gnes the results obt lined The agreement was good and 
the dropping-lupLtle iiulhod w is found to be is reliible as the \ oliinietiic niethoel 

Tauli II 


I 

\ 01 lIMrTIlIC MlTIlOD I 


Diioirtso riTETTi 
Method 


SUuulnrd Antigen 
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Ten negatoe sera were also tested with complete agreement 


Conclusions 

1 An antigen, called the ‘ standard antigen,’ wdiich is easy to prejiare and 
standardize, is recoininended foi the Kahn test 
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mam collecting tnbules pass forwards and outwards to the sides of the body Up 
to the level of the middle of the ventral sucker the ducts reniam narrow They 
then turn inw ards and form a loop, converging towards each other, but remaining 
apart , after describing a semicircle they are again directed forwards At this stage 
the tubes widen abruptly and take an almost straight course until they reach the 
maigm of the pharynx, w'here they become narrow^, and again assume the for;1Ier 
dimensions This dilated portion of the tube contains 6 to 8 spherical granules 
of excretory nature The ducts now form a loop and pass backwards The 
posteriorly directed tubules aie hidden in the greater part of tbeir length under the 
mam collecting tubules and are visible only at places w^here they are not duectly 
under them ^^^lerever they are visible they are seen to run internal to the mam 
excretory tubules 

At about the level of the anterior end of the ventral sucker, w^here the first 
excretory granule is situated, the thin deflected excretory tubule on each side 
crosses the mam excretory duct, and is continued back as a thm narrow tube run- 
ning external to the main excretory duct , it branches into two capillaries, one takes 
an anterior course and the other goes toiiards the excretory vesicle A pair of 
flame-cells is piesent at the extremity of the posterior branch I could not trace 
any flame-cell connected with the anterior branch 

rrom the posterior margin of the excretory vesicle a thm duct is given oft, 
w^hich passes into the tail It opens to the outside just before the tail tapers 
abiuptly on the left side of the larva There is no duct in the posterior smooth 
portion of the tail 

Excretoiy granules are usually oval or circular in outline, but sometimes w'hen 
turn or three are joined together the cucular outline is lost {Plate LXXIV) 

I have been able to detect only ten pairs of flame-cells Six are pre-acetabular 
and four post-acetabular m position At the external comer of the anterior loop 
a branch is received, w'hich runs forwards and outwards and ends m a flame-cell 
on a level with the posterior margm of the oral sucker In the region of the fourth 
excretory gianule a small branch is received by the thin deflected excretory 
tubule , this branch is formed by the umon of two capillaiies The posterior 
capillary ends in a flame-cell I W'as unable to detect any flame-cell connected 
with the anterior capillary A parr of flame-cells is present on the anterior surface 
of the acetabulum They he so close to the thin deflected excretory tubule that 
I coidd not detect any branch leading to them 

In the post-acetabular region of the body on either side, are given ofl; from 
the excretory tubule a number of branches, but only four pans of flame-cells w^ere 
seen, three pairs on the outer side and one on the inner side of the tubule 

Piobahle evoluUon of the exeteiojy system ■ — 

Faust (Excretory System m Digenea II Biological Bulletin, No XXXVI, 
5, 1919, p 323) has stated that Hhe manner in which the flame-cells' are 
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distrilnitcd, tog(’llicr llicir miml)cr, and tlic coarse of the tubules m the 

tail offer a method for separntmg lnr\al Eclnnostomes into two quite distinct 
groups ’ 

In the first and more simple group, a median excretory canal runs along the 
whole length of (he tail, to open into the bladder postenorl)^ and from the anterior 



(а) Cercana chisolenala, laust, \entral vien, showing excretory system 

(б) CerCaria coniplexa nov sp , ventral view, showing oxcietory sjstem 
(r) Cercana circiimsiricata, doisal view 

(d) Cercana chxsolcnaia, dorsal view, show ing excretory system 




N B — ^Thc aboi e text figures are exact tracings from the toUow'mg journals — 

Ret (a) ‘ The Excretoi-j &j stem in Rigenea ’ by E C Faust, p 324, fig 1 Bwl Bull, 
Vol XXXVI, No 6, 1919 
(6) lOid, p 324, fig 2 

(c) ‘ Notes on Larval Flukes from China ’ by E C Faust Parasitologtj,'Vo\ XIV, Nos 3 and 4, 

1922, Plate XXII, fig 10 

(d) ‘ Studies on Illinois Ceicana ’ by E C Faust Parasitology, Vol IV, pp 93 — 110, Plate I, 

fig 9, 1918 ' 
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region of the bladder two collecting tubules run forward to the anterior end of the 
body, and in the region of the oral sucker form a loop or a triangular flexure in 
which three flame-cells arise — these being the only ones in the whole body 
Examples of these forms are C chsolenata, Faust, and C tnsolenata, Faust 
{see Text-fig 2a) 

In the second more complex group the main excretory tube of the tail, after 
a short distance bifurcates and opens on the lateral margin, while in the body, the 
mam collecting tube does not stop short at the tnangular flexure, but is commonly 
continued to the posterior region of the body where it again bends forwards and runs 
to the region of the pharynx Examples of this type are the cercana of Echnosto- 
mum oevolutum (Froelech) {vide Jhonson, 1920), and Cercanm Indices XXXIII, 
Sewell, and Ceicance Indices XII, Sewell 

Sewell has subdivided the Echinostomes into a number of subgroups, and 
according to him this second type of excretory system occurs in the ‘ Echinata ’ 
group, whereas in the ‘ Echinotoides ’ and ‘ Coronata ’ groups the ascending 
tubules bifurcate opposite the level of the acetabulum into two anterior and pos- 
terior collectmg tubules, thus agreeing with the condition that Jhonson (1920, 
p 353) considers to be the probable arrangement in the primitive Echinostome 
ceicana 

Closely allied to the Echinostomes there are certain other forms characterized 
among other features by the absence of collar spines in the cercana, which Sewell has 
grouped together under ‘ Agilis ’ and ‘ Reflexae ’ groups In the latter group 
the excretory system appears to resemble that of the second group of Faust 
and Seu ell’s ‘Echinata’ group, while the ‘ Agibs ’ group falls into line with 
‘ Echinatoides ’ and ‘ Coronata ’ groups, in which the descending collecting 
tubule bifurcates at the level of the acetabulum 

The present species does not agree with any other known groups In the 
general plan of the excretory system it resembles that of the ‘ Echinatoides ’ as 
exemplified m Cei canes Indices XL VIII, Sewell, in so far as the following features 
are concerned (a) The caudal canal is continued back to the posterior region of 
the tail {b) The bladder is undivided into an anterior and posterior region 
(c) The mam collecting tubules enter the bladder close to the middle line on the 
anterior aspect {d) The refractile granules contained m the mam excretory 
tubule are few m number, and are restricted to that portion of the duct lying 
anterior to the acetabulum 

There are however differences m that the mam collectmg tubule does not 
appear to divide into ascending and descendmg tubules , the various flame-cells open 
either directly by short tubules or these tubules unite with other tubules, and open 
by a common secondary tubule mto the descending limb of the mam excretory 
tubule , also no side branches openmg on the surface of lateral aspect of the 
tail could be detected such as are commonly present in .the cercana of the above 
groups. 
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In its pcncnl plm tlio cxcroton sjstcm of tlic body would appear to follow 
oloseh flip irrangcment do'^enbed In F nisi in C ciicitmfricafa {Parasitology, 
Yol XIY Xos .1 and 1 1022 Plate XXI) {sec Tc\fc-fig 2r), tlioiigli in this latter 
species the excretory tubule does not form a triangular flexure at the side of the 
pharynx 

If seems probable that in the course of c\olution, the general character of the 
excretor) ssstem has undergone a progressne de\elopmeiit It commences xvith 
the t\pc described ind figured In Faust (1018, p 100 Plate II, fig 14) m 
Ccrcaria achanthoslomn in which the main excretory tubule nins forwards 
recciMiig blanches from flamc-cclls throughout the length of the body, and 
terinmafinu at the side of the oral sucker in a triangular flexure {see Text- 
fig 2d) 

The same plan is followed in C chisolcnntn and C Invohis, but with this 
difference that the main collecting tubules arc not dilated and full of granules, 
and the flame-cells and the tubules that originally opened into the duct have 
become suppressed To compensate for this the main collecting tubule is in 
the next stage rc])rescntcd b> C mchrai, continued backwards from the 
triangular flexure rcccning flame cells as it goes to the side of the excretory 
bladder 

In a subsequent stage this tubule forms two bends so that there run now three 
tubules up and dow n the bod} , and again the flame-cells open into the terminal 
part of the tubule, but m this case into the part that is running from the side of 
the oral sucker to the excrctor} bladder, i c , the first descending loop, and finally 
lu Ccrcaria cclnnoslommn rciolntum the mam collecting tubule bifurcates at the 
lc\el of the acetabulum into ascending and descending tubules into which the 
flame cells from the anterior and posterior halves of the body open 

Locomotion — ^Locomotion is perfonned m two different ways, when crawling 
the larva uses its suckers The anterior end of the body is extended, and attach- 
ment IS made by the oril sucker, the whole body is then drawn forwards to such 
an extent that the a cntral sucker touches the oral sucker , the oral sucker is then 
released and a further attachment is again made YTien sw'imming the cercaria 
uses its tail for locomotion "With the aid of lashing movements of the tail the body 
IS set in motion It moves round and round, and can thus travel short distances 
YTicn the animal is reversed so that the ventral surface of the body is uppermost 
it rights itself in a cunous way Tlie anterior portion of the body is twusted in 
such a way that the oral sucker assumes its normal position and attachment is 
effected with it The whole body is then twnsted like a spiral bnnging the ventral 
sucker downwards and attachment is at once made The body thus assumes its 
natural position 

Pedta -—The cercaria develops into a redia The redia is orange coloured 
and in some cases the colour is deeper at the anterior end of the body than towards 
the posterior end The body is dotted all over externally with small rounded 
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globules wbicb are probably excretory m nature They are found in masses or 
arranged in lines There is very little difference in the contracted and in the 
expanded condition of the ledia, because alterations in length are due only 
to the eversion of the pharynx, and a slight change in the anterior part of 
the body 

The mouth is situated at the anterior end and leads back into a well-developed 
pharynx The anterior end is protrusible A distinct collar is present at the 
anterior end The phaiynx leads into a long tubular stomach which is full of dark 
granules, this extends a little less than half of the length of the body At about 
one-half of the total length of the body is a pan of locomotoi organs 

Table III 


Mensioemenls of udm of C mehrai 


t 

L^uotb of holv Bieadth of body postorioi | 



to 1 c 

0*0^113 Breadth of body 

Distance between 



' anterior to 1 c 

1 c organs and 


1 

] organs 

the postei loi end 

Expanded 

('‘ontnicted ' Exp inded 

Conti acted , I 

1 


1 01 mm 

i 

0 011 mm 0 107 mm 

1 

1 

0 221 mm ! 0 197 mm i 

i 

0 551 mm 


— In every column of the above table only mean measurement is indicated 


Each redia contains a large numbei of cercaria in various stages of develop- 
ment Some of them are fully developed, and are seen to be constantly moving 
inside the body-cavity A biith-pore is present at the anterior region 
Cercaiite were actually seen to be coming out of the body uith their anterior 
end first 

A number of rounded cells, the geim-cells, are present at the posterior region 
of the body of the redia 

I was unable to trace the excretory system of the redia 
Bystemahe position — There are certain characteis of Ceicana meliiai which 
show resemblance to the ‘ Agilis ’ group, Sewell, 1922, while in others this 
cercaiia differs markedly fioni this group, and exhibits similarities with the 
members of the ' Echinostome ’ group 

The features in which it resembles Ceicmice Indices XLI (Sewell, Ind Jour. 
Med lies , 1922) are as follows this — 

I The surface of the body beneath the cuticle is crow ded with cystogenous 
cells, which contain rod-hke granules 
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2 Thorc arc no collni '^)nnc'^ 

3 The \cn(ral svicLci is 'Jituutccl .iliont onc-qnailci the length from the 

pnstciior oiul 

1 Dc\ clopinent occurs ni icdin.' Thcio arc ncll-(lc\ eloped locomotor 
orenns in the rcdin.' 

.■) The pharMix of (he rcdiii is well dc\ eloped, and is followed by along 
stoni icli 

The feitiircs in nliich this eercariii differs from IhcCncmifr I)uhc(v XLI 
arc as follow « — 

1 11 here IS iii (he Amhs gioup, (o which the Coiaiar bidictr belongs, 

(heie IS no (i.iee of am (i'so])hagiis in Ccicaiia vicjnti) there is a short 
o^sojih igus leidinii luck from (he phaiMi\ and terminating in a 
dll i( itioii 

2 The exercton bladdei is not dnided into an antciior and posterior 

clumber In a (ransieise constriction 

3 The main collecting tubules arise close togethei near the middle line 

and not at the antero lateial angles of the excretory bladder 

1 The gonid is reiireseiited In a mass of cells between the ventinl sucker 
and the excreton \esicle which is probably the iiidiment of the 
o\ari and jiossibh the mass of cells aiiteiioi to the ventral sucker 
and behind the dil ited end of the cesophagiis is the ludm.cnt 
of (he \agiiia Ccicana virhxii lesembles the membcis of the 
‘ Echinostomc ’ group in this particular respect 
5 The posterior end of the (ail tapeis abiuptly to a sharp point, as in 
Cacaucc Indjcw XLYIII (Sewell), which belongs to the FchmcstorLc 
group of Sewell, but theic is no tail fin 

I therefore conclude that this ccrcaiia staiuls midwa\ between the Echinos- 
tonie and the Agilis group of Sewell 


(1) Faust, F C (laiS) 

(2) Idem (laiO) 

(3) Idem (1022) 

(4) Idem (1021) 
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(6) Jhohsoh, John C (1920) 
(6) Sewell, E B (1922) 


The Me cycle of Echinostoma rcvohitum (Froelech) 
Univ Cal Pub Zool , Vol XIX, p 336, Berkeley 
Monograph on Cercaria; Indtcie Ind Jour Med Pes 


ABBREVIATIONS USED IN PLATES LXXIV, LXXV AND LXXVI 
(7„ cercaria .GO, cystogenous cells , E G , excretory granule , E V , excretory vesicle , F C., 
flame-cell, G, gonad , G C , germ cell , L 0 , locomotor organ, MED, mam excretoiy duct, 
0 S , oral sucker , Ph and P Ph , prepharynx , R.E T , reflected excretory tubule , S , stomach , 
T , tail , V , vagma , V S , ventral sucker 
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THE ACTION OF THE ACTIVATED SLUDGE PEOCESS 
ON SEWAGE BACTERIOPHAGE 


BY 

Lifut -C otoM X. A T) STEWART, Mn,rBCSE,DPH,DTM & 

Professor of Ilyqirnc, 

AND 


S C GHOSVL, MB, DPB , 

Assistant Professor Puhhe llenhh Lahoratoni Practice in Bacteriology, Calcutta 
iSchool of Tropical Medicine and Hygiene 

[Hcccncd for publication, November 4, 1920 ] 

In a pretious papor(l) wc have shown that the activated sludge process has a 
dcEnitc cermicidal action on different species of frccal organisms present in 
sewage The process liy winch this purification is effected is very little understood 
Different theories ha\c been advanced by dillcrent workers, but arc conflicting 
rowler{2) has c\prcssed the view that purification by the activated process can 
be referred entirely to bacterial activity Mciling(3) and others say that it is 
mainly physical Bushwcll and Long(4) conclude that biological action is 
necessary, while Parson and Wilson{5) are of opinion that enzymic action is 
one of the important factors 

The remarkable rapidity with which this reduction is brought about and the 
fact that sewage contains bacteriophage capable of lysing fiecal organisms, sugges- 
ted an investigation as to w hether the lytic action of sew age phage plays any part in 
this germicidal effect 

The evpenments were designed to investigate the following points — 

(1) Whether bacteriophage originally present m the sewage increases in 

actimty in the course of the activated sludge process and thereby 
cause such rapid diminution of bactena , if not 

(2) VTiat becomes of bacteriophage present 

The problem was studied under the followung varying conditions — 

(1) In an activated sludge plant at Hooghly Jute Mdl, on the outskirts of 
Calcutta This is an expenmental plant wuth a system of air 
lift aeration 
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(2) In a ' Simplex ’ activated sludge plant in a mill aiea near Calcutta 

(3) In the laboiatory, using aspiration apparatus for aeration 

The experimental work dealt with a comparative study of the lytic action 
of the filtrates of raw sewage and the filtiates of its effluent after treatment, on the 
coll group of organisms, and on B slnga awA jlexna 

The group of B coh organisms used in our expeiiments v ere isolated from 
mixed human stool, sewage, and polluted water, their identity being established 
by sugar tests 

It may be mentioned that in our preliminary obseivations we found that 
filtrate of raw sewage we woiked with was able to lyse about 95 per cent of all 
species of coli group of organisms This agrees with the findings of Houston{6) and 
Caldwell(7) But our expeiience in this lespect was more Amried as we tested all 
possible feecal lactose fermenters isolated from difieient sources Uientioned above, 
whereas Houston woiked mainly with B coh comimims and Calduell uith 
pathogenic organisms isolated from infection of the urinary tract We also found 
that sewage phage from Calcutta sewage and also from other sources mentioned 
above always lysed the strains of B slnga Sirxd jlexne^ used in our work 

Experimental procedure 

(1) Filtration of raw sewage and its effluent for isolation of bacteriophage 

Technique of filtration 

Ten c c each of raw sewage oi its effluent after treatment weie put into 50 c c 
of nutrient broth (pH 7 8), incubated for 18 hours at 37 °C and then filtered through 
filter paper coated uith infusoiial earth, and finally filtered through a L3 candle in 
Martins’ filtering apparatus The filtrates were kept in an incubator overnight 
for testing sterility and then stoied in a cool loom till used 

(2) The method of comparison of lytic action of filtrate of raw sewage with 
that of its effluent in each experiment was as follows — 

Twenty-four hours broth cultures of organisms to be tested u ere made Ten 
coll groups of organisms were generally used in each experiment Two sets of broth 
tubes were then arranged One loopful of each culture ivas inoculated into 7 tubes 
in each set One was set aside as a control and the other six tubes in one set were 
inoculated with the filtrate of law seivage to give dilutions of 1 in 10, 100, 1,000, 
10,000, 100,000, 1,000,000 To the othei set was added the filtrate of the effluent 
in the same manner The broth tubes ivere then placed in the incubator at 37°C 
and examined for lytic action after 6 hours One loopful from each tube in each 
set was then spread over agar slants to study ‘ plaque ’ formation 

To indicate the relative degree of lytic action possessed by filtrate of raw 
sewage as well as its effluent, we have used the following expressions — 

— Indicates no lytic action of the filtrate on the given organism A normal 
culture of bacilli develops in the bioth or on agar This shows that 
bacteriophage is absent 
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+ Indicalos \\calc l}(ic action The gro\\th in the broth of bacteria to 
nhich the filtnio li is been added is almost normal and transfer on 
agar ■'lints shows a few plaques 

Shows moderate htic action There is moderate growth in brotn, 
traii’^fcr of this ciiltiiie on agar shows larger number of plaques 
( -j--b There is slight crowtli in the biolh and tiansfer on agar shows mottled 
growth or a few colonies 

-j- Indicates strong l\tic action Theic is complete Ijsis No growth 
appears on transfer to agar 

(1) liauJt’f of cxpciuiHHt<! tilth Ilooqhhj Jute Mill ])Iant 

About si\ hours aer ition was done here Out of a senes of experiments con- 
ducted, the result of one is gii cn below in Tabic I 


Tabli- I 


Isiimc of orgnni'm' 




Dilution 1 

m 




10 

100 

1,000 

10,000 

100,000 

1,000,000 


1 B cofi fom munis 

R S 


a-l-+ + 

-t- + + -f 

++++ 



(from wilier) 

efflu 

d 1 -1- ^ i 

+ + T 4* 

+ + -1- 

— 

— 

— 

2 B coll communis 

R S 

-H - 1 

‘--t-f 1- 

+ + + + 

1 

-}-+++ 

+-)- 

i 

(from sciingc) 

efflu 

L_ 

+ 1-+ 1- , 

-t- 1 -t-1 

+ + + + 

— 

— 

— 

3 B coh coin wiun 119 


— 


-^ + + + 

_ 

_ 


(from mi\c(l 







c 

iiuman stool) 


H 


' 

— 



4 B schntjrn (ftom 

R b 

-i--i-+-i- 

U+ ^--l. 



d- + + -l- 


water) 

efflu 

4" + + 4 

! 

4--^4-4- ; 

+ + + + 

+ + + + 

— 

1 _ 

5 B ncojiolitnnus 



-1--^ tt- 

+ + -rH- 


d-d-d-d- 

d-d- 

(from mixed 
Iiuman stool) 



4- t-4' 4- 


-t- + + 4- 

— 

— 

6 B ncopoltlanus 

R S 

-t-f-t-r 

-1- t-td- 

+ + + + 

-l- + + -f- 



(from water) 

efflu 

— 

— 

mm 

— 

— 

— 


R S = Rair stwngo 

efflu = effluent after treatment 
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Table I — contd 







Dilution 1 in 




Name of organisms 









10 

100 

1,000 

10,000 

100,000 

1,000,000 


7 

B coscoroha 

R S 

+ + + + 

+ + + + 

d-d- d-d- 

-b d-d-d- 

-bd--b-b 



(from sew age) 

efflu 

+ + + + 

+ + + + 

1 

d-d- d-d- 

+ + 

— 

— 

8 

B acidi lacti 

R S 

-1" + + -1' 

+ + + + 

-f-d--|--f- 

d-d- d-d- 

-b-b-t-d- 

- 


(from mixed 
human stool) 

efflu 

+ + + + 

+ + + + ' 

d-d--t-d- 

d--b-b 


— 

9 

B vesiculosis 

R S 

+ + + + 

+ + + + 

-b d- d- -b 

-b-b-bd- 


- 


(from s“w age) 

1 

efflu 

+ + + + 

+ + + + 

1 

1 + + + + 

1 

— 

— 

— 

10 

B tesiciiloDis 

R S 

+ + + + 

+ + + + 

-b-bd-d- 

-b-b-b-b 

-b-b-b-b 

— 


(from mixed 
human stool) 

efflu 


+ + + + 

-bd-d--b 

-b-b-bd- 

^ -bd--b-b 

-- 

11 

B slnga (labora 

R S 

+ J- 1 -b 

-T + d d- 

-b-b-b-b 

-b d-d-d- 

-b-b-b-b 



tory stiain) 

efflu 

+ + + + 

d-d-d-d- 

d-d- d-d- 

-b-bd-d- 

— 

— 

12 

B Jlexner (labo 

R S 

+ + + + 

d- -f- d d- 

-b d-d-d- 

-b d-d-d- 

-b-b-b-b 



ratory strain) 

1 

efflu 

+ d + + 

d-d-d d- 

1 

-b + d-d- 

-b-b-bd- 

— 

— 


R S = sewage 

eflJu = effluent after treitment 


It Will be seen from tins table that there is a definite decrease in lytic action 
of sewage bacteriophage in the couise of this process There has been 90 
per cent reduction of activity against B slaga and flexnei But it will be noticed 
that activity against all the coli group of organisms has not been reduced in the 
same proportion Roughly, here also there is about 90 per cent reduction in most 
of the cases Out of 10 coh organisms tested, activity has decreased in 9 cases 
In one it has remained unaltered In another there is no lysis even in 1 in 10 dilu- 
tion 

Viewing the result of series of experiments conducted with this plant, it may 
be stated that compared with the raw sewage, the efiSuent showed reduction of 
about 90 per cent in activity of sewage phage against B slnga and B flexHO In 
the coll group of organisms tested there was reduction in most The percentage 
of reduction was variable, but was 90 per cent in the majority of cases Activity 
against some of the organisms remained unaltered while m a few destruction of 
phage was practically complete 
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(2) Jicwltf uitJi Titaqar plant 

The results oht iiiicd here corrol)oralcd in the main our previous findings 
The results are practicill} a repetition of those given above 

(3) Laboratori/ experiment 

The cvpcnincnts conducted here were in.uiiij directed to find out the rate 
of decrease m actnit) of ‘^ewage phage 

Rav sewage was nii\cd with 20 per cent ictivatcd sludge and aerated for 
periods \arjing from 1 to 21 hours Vftcr atralion, the sewage was allowed to 
settle and the superii it ant ofilucnt w as 1 ikcn out hourly up to the end of 6th hour 
and also after 21 hours 

A control w is done where the sewage only was aerated without any addition 
of actuated sludge No reduction took place in the actuity of sewage phage in 
the control 

The rest of the procedure w is as descrihcd aboi c 

In these c\periiiieiits we found no consistent decrease in lytic action of sewage 
phage before 6 hours aeration 

The result of 0 hours’ and 21 hours’ aeration is gueii below in Table TI 


Tahli 11 


bainc of oigatii'ms 

10 

100 

1 

Dilution 1 in 

1,000 1 10,000 1 

100,000 

1,000,000 

1 B coll communis 

A 

MU 

i d 1 1 1 

i M 1 

1 

1 b 4 -b d 

d-d- d-d- 

— 


15 

1 t 1 d t 

f d d i 

4 1 M 

1 d d d d- 

— 


1 

i 

d + 

h 

i 


1 ““ 1 

j ““ 

1 “ 

2 B coll communis 

1 

h b M 

1 

d M t i 

1 -bd d 

-b 4- d d 

1 

d- bd d- 



15 

+ + M- 

1 bd--* 1 

1 d 4 bd- j 

1 -bd-d-d- 

— 

— 


C 

1 

1 

— 

1 

— 

— ' 

3 B coll communis 

A 

d M + 

d 1 d -b 

-b -b d b 

-b-bd-d- 

d- 

— 


15 

t-d-d 1 

d- M d- 

d b-bd i 

1 — 

— 

— 


C 

+ -1 

— 

— 


— 

— 


A = Ilaw ficwnRc 15 = rdlticnt after 0 hours’ aeration 
C = LlHucnt after 24 hours’ aeration 

The organisms used in tins experiment are same ns m Table I 
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Table II — conid 


Name of organt^ms 

Dilution 1 in 

1 

1 10 

I 

100 

1,000 

10,000 

100,0000 

1,000,000 

4 JS schajferi 

A 

B 

C 

+ -I- + + 

+ + + + 

+ 

++++ 

++++ 

+ + + + 

+ + + + 

+++ h 

-t- + 

— 

5 B neopohtanus 

\ 

! 

1 

! A 

i B 

C 

+ + + h 

+ + + + 

++++ 

++++ 

+ + + + 

— - 

— 

1 

I 

i 

1 

! 

(5 D neopolitanus | 

1 

1 

A 

B 

C 

+ + + + 

+ + + + 

+ -!'+ h 

+ -!' + + 

1 

+ + + + 

++ ! 

+ + + + 

— . i 

i 

1 

1 

1 

i 

1 

7 B coscoroba A 

B 

C 

+ + + -f- 

+ + d -f- 

+ 

+ d H- + 

+ + + + 

+ H-d + 

+ + + + 

++++ 

+ + + 

1 

-f +-1 1- I 

1 

1 

— 

8 B acidi lacti A 

B 

r 

+ + + + 

1 

+ + '^ i" 

+ + + -f 

+ + 

1 

— 

9 B vesiculosis A 

B 

C 

1 

1 

+ + + -1- 

+ + + + 

+ 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

++++ 

+ + "r + 

! 

+ + + + ^ 

_ 1 

1 

— 


A = Eaw sewage B = Effluent after 6 hours’ aeration 

0 = Effluent after 24 hours’ aeration 

The organisms used in this experiment are same as in Table I 
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Taulf II — conchl 


Nnmi of omnni'ms 




Dilution 1 

in 



10 

100 

1,000 1 

10,000 

100,000 

1,000,000 

10 !l tcsictifo'is 

A 

i d +-) 

i I I 1 

1 1 1 d- 

f -f 1 d* 

4- f "h 

— . 

1 

; 11 

C 

1 

\ \ 1 A 

-- i 1 > 

1 

MM 

-1 d d d- 

-- 

I 

1 

1 

11 B ‘'iija 

I 

i 

\ 

1 A 1 A 

1 1 ' ‘ 

-* 1 d 1 

t-i-d-d- 

l-J-d- p 

d-d- 


1 11 

1 

( 

! 1 1 

d > - 

d 1 1 d 

t 1 -^d 

— ! 

d-d d-d- 

1 

— 

— 

U B jhintr 

A 

] 

1 -.1 

• ‘It 

J 1 d d 

t td--^ 

d -^d d- 

— . 


11 

C 

^ 1 : ‘ 

Mil 

d 1 1 -r 

d d- d d- 

L 

— 

— 


A = U(v« F(\\nio 11 - I niuent nflor 0 lioiirs’ ncntion 
C = 1 nUiciit nftor 2-1 hours’ ncration 

The or^nnisms used lu this t'cpcnment nrc same as in Table I 


It tMll be seen tint the results of G hours’ aeration agree ^^lth those 
in Table I 

After 21 hours’ aeration the sewage phage has practically disappeared 
IMiere the filtrate of the cfbuciit failed to lyse in the lowest dilution we 
determined whether the phage was completely destroyed or only attenuated 

Tor this purpose, the strain was submitted to a few passages w'lth the given 
bacteria In some cases the bacteriophage was recovered, m others we failed to 
recover phage after five passages show ing that it had been completely destroyed 

Discussion 

In a previous paper we have shown that in the activated sludge process, coli 
as w ell as pathogenic organisms in the sew age diminish at a definite rate from the 
first hour Phage w’ould appear to be more resistant than bacteria There was 
little or no reduction with less than 6 hours’ aeration Even then lytic action 
against some of the coli group of organisms remained unaltered The explanation 
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The warmest month is Apiil, and tlie coolest January The average maxi- 
mimi temperature in April is about 7°T' higher than the average maximum in 
January The average minimum temperature of Ajiril is about 9°F higher than 
the average minimum in January The average maximum temperature is 65 6°F 

Map op Ootacamund showing only the ceowded eesidential aeeas 



and the average minimum is 49 5°F Annual average rainfall is 49 inches, nearly 
half of it being during the South-West monsoon from June to September 
Generally speaking, Ootacamund possesses a temperate and an equable climate 
and ranks very high amongst the hill stations of India 
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Tlip nictoorolopicnl nb'^onntion'; made during the period of the survey are 
{ahulntcd lielou — 


TAUtE T 


riaco 1 

1 

1 

t 

renod of 
punov 

t Mean tir\ 
j livilli lomppr 

1 nlurr fi v M ' 
' in I n!ir ' 

! 

[ Mtan «pt Iniil) 

1 tomjierntnro 
Sam in 
' I fthr 

1 1 

llnmuhty 
por cent 

Mean 
saturation 
deficiency in 
inches 

Average 
annual 
rainfall 
in inches 

1 

1 

Ootacimnnd | 

1 

I 

MaviTune 

1120 

1 

1 

1 02 0’ 1 

1 

1 1 

1 

t ^>7 5’’ 

j 

77 0 

1 

0 n 

49 


How^inq cnndUinn'; <n)iUn(ion etc —The middle class houses are all crowded 
together in Kandhal, old Oolacainund and 1 aunarapettai, uhile the houses of the 
upper clns'^es arc distnhuted irregularK, each with its own ex.tensive grounds 
Tlic houses arc uell constructed and do not afford much shelter for rats The 
floors of houses arc usualh coiered with coir mattings or planks of wood 
These, howcicr, harbour enormous numhers of Pufex zintans, which are indeed 
a post in this town 

Tlie granaries and godowns arc situated mostly by the side of the market and 
in the bazaar , lonie of these are rat proof 

Tlie general sanitar} condition of the town is excellent 
Plaqxic —Plague first occurred in an indigenous form in June 1903, and it 
reappeared almost o\cri rear till 1910 From 1910 to 1915 the town was free 
from it, hut in 1915 to 1910 there was a mild attack Tlieic was no further 
outbreak till 1922 In 1922 to 1923 theie was again a small outbreak, and since 
then the town has been free from plague It inav be mentioned here that in 
1922, there occurred in the (own an outbreak of pneumonic plague, with 6 attacks 
and 5 deaths 

Kctti had plague first in 1913 to 1914 and again in 1926 to 1927 
Ever since 1903, plague has been appearing every year in epidemic propor- 
tions in one part or another in this district 

The mney was done in Jlay to June, the summer season of the district 
Ketti was also surveyed Everv representative area was selected, but since the 
results were practically uniform in all areas the figures have been tabulated only 
under two heads, Ootacamund and KctH 

Rodents — ^Two hundred and twelve rodents w^ere exarnrned during the 
survey, and out of these 125 were R zattus, 61 Gimomys hot, 14 house mice, 
9 musk rats and 3 bandicoots 

The wonder traps, which are being used m this survev, were not found to be 
quite serviceable here This has been also the experience of the Municipal plague 
staff The back-spring wooden trap (locall}’’ called the break-back trap) gave 
better results These traps were also particularly useful for trapping field rats 
J, MR . jg 
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These, baited ^^lth potatoes, were either buried m rat holes or places along lat 
runs Attempts were also made to get as many live samples of field rats as 
possible, but only 8 of them could be so caught mostly in bandicoot traps 
The following Table shows the varieties of rodents examined, AVith their sex 
distribution — 

Table II 


Rodents obtained with their sex distnhution, etc 


Variety of rat 

Total 

number 

caught 

Females 
per cent 

( 

1 

Number 
caught alive 

R ratlus 

125 

54 4 

88 

Gxinomys toL (field rat) 

61 

65 7 

8 

Mouie 

14 

42 8 

3 

Musk rats 

9 

65 5 


Bandicoots 

3 

66 6 

3 

Total 

212 


102 


It IS thus seen that the females were in slight excess in all cases except in the 
case of mice R lattus were mostly of the white-bellied variety Specimens of the 
field rats — Gunomys holt — vere sent to the Bombay Natural History Association 
and we are indebted to them for then identification These swarm into houses 
only during the off-season for potato cultivation They predominated among the 
rodents trapped in wooden traps, forming 61 out of 124 specmiens Since the 
vooden traps were equally useful for all othei rodents, it may be said ihat 
Gunomys hole is the predominating rodent in Ootacamund Mice and musk rats 
also exist in large numbers in houses 

Table III gives the rat density, etc , for R lattus in Ootacamund and Ketti 


Table III 


Rat density, etc 


Places 

Number 
of trails 
laid 

1 

Number 
of R 
railus 
caught 

1 

Number 
of R 
lattiis per 
100 traps 
or rat 
density | 

Female 

R ratlus 
per cent 

Pregnant 
to total 
females 
per cent 

Average 
number 
of foetus 
es 

Replenish 
ment rate 
for 100 
rats per 
! day 

Ootacamund 

1 

1,683 

77 

5 ^ 

64 4 

14 8 

6 

44 

Ketti 

' 110 

11 

10 

1 
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Eli dcnsii> ]■! (Ini': found in ho \oi} low in Ooin'cnnnind As was reported 
Iw the Plague Coinnii‘'‘'ion tlioi it donsiti in 10] 1 was also \ eiy low', viz , 6 (Journal 
of Ihjqicnc — Plague aupjdouuut'' A'oluint s XIII to XY, 1014 — 17) There has also 
heen no eh ingo in r it deii'-ifi during dl those joais in spite of the faet that sys- 
tematic rit c itchiut: is hoiini doin in this IMiiiiicip ilif \ for o^el 20 years It is to 
be noted too tint the n ploiimhiuont i ito foi lals here is the same as is found m 
other pirts in thm Prisidoiui 

\11 the rodents cunzht were lutoji^icd, and their spleen sineais examined for 
B prsti'! with nointno nsnlts It was ohsor\od that ahoiit GO per eent of the 
field r its, and ihoul 20 ]ier rent of tlu lioiisi lats showed some hind of coeeidial 
infection of the In or Further, no spoeimoii showed iin chionic abscesses, scars 
on perisplenitis indn it inn lesions of ehrome ])lamic infection 

Fhas — Four hundnd uid fweiit\-sc\eii lat fleas were collected, from 
Ootae iniund and Ivttti out of these 170 wen from It rallui,, 11 from Gunomys 
lol, 11 from mice ind 10 from hnidiioots The following were the species, in 
the order of thciT ]irc\al<nee on It xittwi — 


Xcnop'^ylln cliut])!'^ 

10 

Ccratopln/Uus (.Spuus /) 

22 G 

Xcnop^ylla Inasilu itsis 

115 

Xenopsylla entm 

0 7 

Ijcptoptylla mii\culi 

d 7 

Ftilix iritlanG — <iiu sjietiiiMii 

fnun a mouse 


It was observed that A' chcnpis was the chief flea on It iaUwi, CtialopInjUus 
on Gunomys lol and L nmscie/i the chief lie i on mice Bindicoots mainly 
harboured onl} A aslia though one of them vieldcd one X chcopis also 

The following Table shows the genera! and specific flea indices for Gunomys 
lol — 


Tauli IV 


Flea indices for Gunomv s hok 


j 

Variet} of rnt 

1 1 

dumber 1 

speci 1 
mens 

Totil Gtncrnl 

fleas (lea 

colltoted index 

J 

SpccifiP 

Ccralophyllus 

indox 

Specific 

X chcopia j 
index 1 

Specific 

X brasihensis 
index 

Gunomys Jol 

8 

1 

22 ; 2 75 

1 

2 5 

0 25 

0 26 


Table V shows the general and specific flea indices, etc, for 7? laUus in 
Uotacamund and Kctti — 
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It IS to be noted tint the geneinl tlon index for Ketti is about 3 tunes as bigb 
as tint for Ootacaninnd and lierc no A astw uas found in 103 fleas examined 
Specific indices for A' c/uopii and A' fuosiOeuiis aie also verj Ingh in Ketti This 
lb significant, for this village had seaere epidcniics of plague, oik? as recently as 
1927 


Discussion 

The interesting feature of this sur\ e\ u is the i aiietj of the flea fauna Ituas 
nicntioncd that ainong the difTercnt species of fleas, A cheojns and Coatophyllns 
predoininated Both of these arc recogni/ed oflicicnt vectors of plague It is 
also knoiMi th it in the case of C fa\cntlii't the optiinuni temperature required for 
eflectn e transmission of the infection is about I'l lowei than that required in the 
case of A c/icopn 

Those factors might hare an iniportant bearing on the seasonal periodicity 
of plague in the loclllt^ Perhaps in siiniiuer the conditions arc favourable for 
c/icopis fleas and in u inter for CcratophyUvs, and so the epidemic and epizootic 
jilague mar be more or less coiitmuoiis Lieut -Col A J H Eusscl), in his 
hitherto unpublished note ' The Geographical Distribution of Plague in the Madras 
Prcsidenc} mentions that the plague epidcinics in the Nilgiris District shou 
no marked variation between one season and another, while the death rate is 
highest in October to Deccnibor and least in March to April 

The probable role of the field rat in the epideniiology of plague in Ootacaniund 
IS to be noted Those rats form the chief rat nicnacc in the town, being present 
in alarming numbers around houses and in the open During the season for potato 
cultnation, thej keep to the fields but iii the ofi-season they swarm into houses 
It has alread-^ been stated that thcyhnrliour in fairly large numbers Ceratophyllvs 
(specific index 2 5) which flea might be an efficient vector of plague They must 
be kept under control Perhaps a more practicable measure would be to 
restrict potato cultivation around dwellings 

The abundance of PvJex initaws on the floors of houses is to be noted As 
Dr J tv H Chun has shown, during the Manchurian plague epidemic these can 
successfullj’^ transmit the infection One has therefore to emphasize the need of 
scrupulous house sanitation to dimmish the pest of these fleas 


Summary 

(1) The Simmy was done in May and Tune — the summer season of the 
station 

(2) In all 212 rodents wmre examined during the survey R oaUvs and Giinoviys 
Jol were the predominating species of rats found 

(3) The density for R lallus was very low, viz , onl)'^ 6 for every 100 traps 
laid , but for Ketti — a village close by — ^it w'as found to be 10 
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(4) The rats trapped were examined for signs of plague with negative results 

(5) Four hundred and twenty-seven fleas from rats were examined The 
general flea index was 3 6 

The following were the species found arranged in the order of their prevalence 
on R laitus, with their specific flea indices — 


X cheopis 1 76 

CeratopJiyllus 1 0 

X hrasihensis 0 2 

X asUa 0 5 

Leptopsylla muscuh 0 11 

Pulex titans 


The general and specific flea indices for Ketti were about 3 times as high 
as those for Ootacamund 


REPORT NO. V. 

A RAT-FLEA SURVEY OF THE TWO MARITBIE TOWNS— MADRAS'^ 

AND NEGAPATAM f 

I Madras 

Madras, the head-quarters of this Presidency, is the third largest city in 
India and has a population of 526,911 It is nine miles long along the sea coast, 
and has an average breadth of three miles It is low-lpng and flat The Cooum 
river winds across it, dividing it into a northern and southern range The Bucking- 
ham canal luns from north to south, and separates the coastal division from the 
rest of the town Although Madras has no natural harbour, yet from the value 
of its trade, it ranks high among the sea ports of India George Town is the 
commercial centre of the city Parts of the city like George Town, duuadripet 
and Triphcane are much over-crowded The gram godowns are mostly situated 
m George To\vn and in Wall Tax Road in Park Town There are two big cotton 
mills in the city one at Peiambur, and the other at Choolai situated witlimamile 
of each other 

Saidapet, a municipal town in the diingleput district is about 5 miles distant 
from Madras, but from the point of view of a plague survey, it may be taken as a 
suburb of Madras 


* This place was surveyed by Drs P Y George and D S Manbikar 
h This place was surveyed by Dr D S Mankikar 
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Chmnic — ^Tho chinnto of flic plnce is gonerally bot The data regarding tbe 
luontlih temper iturc, satnntion dcficienei and rainfall as averaged for over a 
period of 15 j oars (1010 — 2~)) is disc iis'icd later The meteorological obseivatioiis 

iMAP OF i^Iaihias City siioimng fifa I^DICES in 

Dim RENT ARl AS 



Aole — Figures represent tilt, inn\iiuum A acOn index, ■where X cJieopit 
are also found Separate flea indices for both are given 
□ Cotton mills n= X astia 
O Godowns c= X cheopis 


made dunng tlie period of survey, vitL the average annual rainfall, aie tabulated 
in Table I 
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Table I 


Meteorological observahons 


Place 

Pei lod of survey 

Mean dry 
bulb temp 
erature 8 
4.M inFahr 

Mean wet 
bulb temp 
erature 8 

1 A M m Fahr 

Humidity 
per cent 

IMean 
saturation 
deficieney 
in inches 

1 

Average 
annual 
rainfall 
in inches 

Saidapet 

1 March 1929 

78 8“ 

73 4'^ 

1 

77 

! 1 

0 24 

51 

Madras 

i 

July- August 1929 

85 0“= 

74 6" 

60 

0 46 

61 


RisL of Plague — Madras stands the risk of importation of plague, both by 
sea and land Although Madras has only an artificial harbour, there are facilities 
for ships to come along the quay side and discharge their cargo The harbour is 
in frequent communication with Rangoon, which, as is knoun, is infected with 
plague 

By land Madras is linked up with the rest of the Indian Peninsula by two 
railway systems A northern line connects Madias with Calcutta, a southern 
line with Tuticorm, a north-west line with Bombay and a south-west line with the 
west coast of the Presidency and Mysore Thus it is brought into close communi- 
cation with several important foci of infection 

Housing conditions — The Royal Commission on plague investigations in 
India, in then se\ enth report, describes the conditions in Madras City thus — ‘ It 
IS difficult in a few words to convey any idea of the house construction in the natn e 
quarters of the city such as Madras when one sees all types of dwelling from the 
simple mud hut with mud floor and tiled or thatched roof to the solidly built two- 
storied dwelling of the w^ell-to-do inhabitants Let it suffice to say that from the 
point of view" of rats and plague, the best houses, built as they are on high stone 
plinths, w"ould be difficult to improve on, whereas the poorer houses afiord unlimi- 
ted shelter for rats There certainly appears to be nothing in the construction of 
large portions of the city, that can explain its mimumty from plague, and as we 
shall presently see, rats are present in abundance everywhere ’ Conditions have 
changed little since then, and these remarks are apt even to-day 

Hi am godowns — There are no rat-proof godow'ns in the city either w'lthin the 
harbour or outside it How^ever, the godowns in the harbour are all provided w'lth 
concrete or Cuddapah slab flooring and corrugated zinc sheet roofing and further 
they are well lighted, ventilated and kept clean The godowns wnthin the city 
ofier a different picture altogether They are all crow"ded together in George Towm, 
very near the harbour and are constructed and maintained under conditions which 
afford unlimited shelter for rats and also provide facilities for active flea breeding 
Plague — ^There has been only one indigenous outbreak of plague in the city 
in 1 905 This was confined to a few villages on the northern outskirts of the city 
in Kassimodu The source of the infection was either from the Piji-Mauritius 
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imniigrnfjon depot ^\n'; then 'situnted close to tins area, or from the harbour, 

throucli the roohes uho foiiued- i coloin in one of these villages The infection 
smouldered on for about four months Rome of these villages uere burnt doun, 
and eflicient measuies were iKn taken in and mound the other villages close b}' 
^^hlch soon brousiht the infec (ion to a close Madias has been free from indigenous 
plague since 

Howeier imported cases of plague are being notified almost ever)'^ year since 
IWO nith the e\ci})tion of 1002 1901 1901 1915 ind 1919, giving an average 
death-rate of 0 01 per niillc for 20 Mars from 190C to 1925 


Tni simaTv 

The M ulras sur\ea vas done in the suiumei Juh -August 1929 , the smvey 
of Paidapet n is done (no months < ailier i e in I\larch-April 1929 

The citi IS duided into 90 municipil dnisions Instead of sura eying all the 
diMsions an atteinjit was made to sur\o\ onh the representative areas in the city 
The figures obtained hue been tabulated as two sets, one set consolidated to the 
a anous tapes of areas and tin otliei to the different dia isions foi futuie comparison 
Podents — In Madras 1 025 rodents nere evamincd out of which 23 were bandi- 
coots and the reiuaimm: 1 002 aaerc 7? rathu In vSaulapct 378 rodents aaere e'^a- 
luined out of aahich 11 bindicoots ind the remaining 367 were 7? lattns It may 
be mentioned that in Saidapet one mongoose aaas trapped together aaith 9 rats, 
and 111 Madras a todda cat was also caught in tlie trap 

It was interesting to find m the luirbonr ceitain aarieties of 7? lattvs aahich 
were not met aaith anawahere in the city, eg in some a'entral and dorsal fur aaas 
]et black in colour and in otheis the doisal fui aaas of a nisty red and the amntral 
fur of a lighter red colour 

A comparison of the rodent distiibution m Madras City in 1910 dining the 
siiraey of the lloaal Commission on plague, and that found during the present 
siirae)^ is attempted bcloaa — 


Table II 


Rodent distnbvhon 


Peuotl of 
sunoy 

Total 
eollec 
tion of 

1 lodents 

li rallits 
lirr cent 

Bnndi 

coot 

per 

cent 

Mouse 

per 

cent 

Musk 

rat 

per 

cent 

Number of 
rallvs for 100 
' traps or if 

1 ratin'! densitj 

1 

1 

1 

' Rfmarks 

j 

[ 

1910 

Jan — Dec 

17 cea 

1 

1 

49 4 

1 

46 1 

1 

36 

26 

The figures 

in the last 
column give 
the if rat Ins 
density for 
corresponding 

1 peiiods, in th*- 
1 year 

1 

1920 

July — Aug 

1 

; 1,025 

1 

1 

1 

1 

1 

97 8 

t 

2 2 

1 

1 

1 

, 1 

1 1 

1 

1 

' 29 

1 

i 
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It -will be seen from tbe Table that no mice were trapped dnnng tbe present 
survey while in tbe 1910 survey they formed nearly 46 per cent of the total rodents 
obtained Of course difPerent traps were employed during the two sun’^eys but 
this fact alone cannot explain the difierence, since with our traps mice and musk 
rats were readily trapped in all our surveys elsewhere However, as one may 
expect, there is no correspondmg great change in the R lattus density, as se^n 
from the last column of above Table 

Table III gives details regarding rat density, etc in different representative 
aieas Similar details for the various municipal divisions are given in Appendix I 

Table III 


Rai density, etc ,foi duffeieni types of aieas in Madias City 


1 

1 

Areas j 

1 

1 

1 

Number 
of traps 
laid 

1 1 

1 Number 
, of rats 
caught 1 

i 1 

Number 
of lats per 
100 traps 
or rat 
density 

Female 

R raiiits 
per cent 

Pregnant 
R ratlus 
to total 
females 
per cent 

1 

j Eepltmsh 
j mont rate 
for 100 rats 
j per day * 

.1 

Harbour 

1,241 

t 

206 

17 

53 3 

26 3 

i 

) 

1 

Rice godowns in George 
Town, near harbour 

96 

94 

! 

97 

1 68 6 

1 

47 2 

1 

Ra7aar areas 

572 

319 

66 

68 6 

1 14 4 

i 

t 

! 

Residential areas 

535 

139 

26 

59 7 

1 

[ 

! 14 6 

1 


Kassimodu hsliennen’s huts 

96 

22 

23 j 

1 i 

64 6 ! 

1 

1 


A hvat cherry 

48 

54 1 

1 

113 

46 3 

28 


Leather godowns m New 
Town 

25 

6 ' 

20 

coo 


5 3 

Cotton mills at Perambur 

200 

47 1 

24 

51 1 

33 3 

j 

Area around the cotton 
mills at Perambur 

200 

46 , 

1 

1 

23 1 

t 

54 3 

40 0 


Cotton mills at Choolai 

160 

35 

22 

51 8 

14 3 


Airea around the cotton 
mills at Choolai 

63 

>■ i 

1 

21 

63 6 



* The rate oXrepi^ishment is got by multiplying the percentage of pregnant females to total rais 
by the average number^ foetuses and dividing by the number of days pregnancy is grossly visible in 
rats which is taken on a^average as 16 davs This method of calculation is according to the 
formula published in U , P H Reports, Vol XLIV, 1920, No 9 
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TtWo IV pno"; for nl , do , in tlie diiToicnt arens in Madras 

harbour — 


Tauii TV 


Pat (Irn’^iti/, etc , ui haihoui 


ArcT> m tla Imrltniir 

XiitiilK r of 
Irajw 

Ind 

1 

XiiinlH r of 
rnts 
ia«_Ut 

Vnmijor of nls 
ptrlOO Inpi! 
or rat 
dcnaita 

rcmalo 

J} rattus 
per CLiit 

Pregnant 
feinalps to 
total females 
per cent 

Picc podoan'! 

,■>07 

•11 

15 



Ground nut ptxloan'; 

SOI 

S7 

17 

53 0 , 

20 3 

Rirpo'5 

iia 

28 

20 i 

1 

1 

1 


Totai 

i. 2 n 

200 

17 

1 

63 3 

1 

j 20 3 


It IS to be noted that the podowns in Gooigo To\mi, whicli is tlie commercial 
centre of tlie cit> pn\ c the hiplust fipure (97) for rat density (except Alrrarclierry), 
and the godoi\ns in li irbonr gaa e tlie lowest figure (17) This remarliable differ ence 
IS worth's of special eiujilnsis and niaa be easilj explained b) the differences m tlie 
construction and upheep of these godowns 

Just as elsewhere the foiualc rats predominated All the rodents examined 
were autopsied, and spleen smears examined The pregnancy rate, tlie aaerage 
number of foetuses, and from these data the replenishment rate of rats, weie all 
calculated 

Fleas — ^Two thousand seacn hundred and sixty-six rat-fleas were examined 
in Madras, of which 2 G08 were A'^cnopsyfffl asfia, 151 X cheop^s 2X biasihensis, 
1 Palez irnians, and 1 Ctenocepliahis fchs In Saidapet 1,179 fleas were 
examined and all w ere X astia Thus it is evident that X astio is the indigenous 
flea of Madras and suburbs, while the others are only recent emigrants into the 
place The distribution of X clieopts in the city is at present patchy, since they 
were found only in the harbour, in the nee godowns of George Town, and in 
cotton mills at Perainbur In the harbour they formed 30 per cent and in the 
cotton nulls atPeranibur 90 per cent of the total fleas, while in George Town only 
3 specimens were obtained from the godowns stocking Eangoon nee Two 
specimens of X biasihcnsis were obtained from the ground-nut godowns in the 
harbour The source of importation of these fleas will be discussed later 
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Table V gives the general and specific flea indices, etc , for the different types 
of azeas in the city The lesults for the various municipal divisions are given 
in Appendix II 


Table V 


Flea indices, etc foi the digeient ty'pes of aieas in Madias City 



i 

Number 
of fleas 
collec 
ted 1 


1 

1 




Sex 

DISTEIBETION 


Areas 

General 

flea 

index 

Numbei 

1 

' X ablia 

\ 

1 

j X astta 
index 

1 

1 

Number 
1 of A 
j cheopts 

1 

X 

rheopts 

index 

Female 

X 

aslia 

per 

cent 

Female 

X 

cheopts 

per 

cent 

Remaeks 

Harbour 

213 , 

1 

1 03 

160 

1 

0 73 

GO 

1 

0 29 

56 0 

66 0 

2 X brasrben 
SIS and 1 
Pulez imtans 

Rice godow ns in 
George Town near 
harbour 

208 

2 88 

i 

1 

1 

205 

1 

1 

2 85 

3 


61 3 

06 2 


Bazaar areas 

700 

! 

2 49 i 

1 

790 

2 49 



57 2 



Residential ateas 

510 

1 

3 71 

516 

3 71 

1 


1 55 8 



Kassimodu fisher 

men’s huts 

130 

0 10 

130 

6 10 

j 



' 64 4 



Alw archerry 

135 

2 50 

135 

i 

2 50 


1 

1 

53 3 



Leather "odowns in 
New Town 

30 

1 

GOO 

1 

29 

1 

5 80 



53 3 


1 CtenncepJia 
his felts 

Cotton mills at 

Perambiir 

101 

2 15 

1 

1 

10 

0 21 

91 

1 93 

60 0 

56 0 


Aren around cotton 
mills at Perambur 

178 

3 32 

178 

3 32 



47 2 



Cotton mills at 

Clioolai 

170 

1 

1 

I 

i 

t 

4 82 

1 

1 

170 

1 

1 4 82 

i 



40 2 



Area around cotton 
mills at Clioolai 

1 

40 

1 

i 

4 30 

t 

1 

46 

1 

4 30 



41 3 
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TnWc M gi\c'^ del Ills of fii.i indices, etc, for the different areas in the 
h.irlioiir — 


Taiiii VI 


Flea indicrs etc for flic (hffrrciif areas hi Madras harbour 


Srx 

DISTRinCnON 1 



XiiiniHr 
of flci"! 
colli c 
tod 

f>( ncrnl 
Hot 
iiid( \ 

Nmnlior 
of A 
n'On 

A (I'lia 
indox 

Niimlier 
of \ 
chrnpii 

\ 

chenpts 

indo\ 

1 

1 einnle 

A 

n«(tn 

per 

cent 

1 

Femnle 
X - 

C?lCOpt8 

per 

cent 

j 

Rfmauks 

Rico godtrono 

OS 

1 OS 

4S 

0 5S 

50 

0 S") 


1 

i 

1 66 1 


Ground nut godoirn' 

lOS 

1 24 

as 

1 12 

8 

0 09 

1 

1 ; 


lirrgcs 

7 

0 2*1 

t 


A 



1 

1 PuJex trnlans 

Totai, 

2n 

101 

r.o 

0 7T 

r.o 

0 20 

65 

1 

66 1 



It iiii\ he noted from Tables ^ and VI that the Ion cst flea index (] 03) nas 
noted 111 the liarhoiir This is expl lined from the fact that all the podowns here 
huAc good flooring, tlie} ire all uell-iighted and cleanly kept and provide only 
limited facilities for flea breeding 

The highest flea indices vert met witli in Kassiinodn, and the leather godorvns 
niNew Tor\n, vir , G 1 and G respcctivelv Here again the explanation is not far 
to seek Kassiniodii is a village vliicli consists of several hundreds of huts, occupied 
by fishermen and harbour coolies Tlic roofs as veil as the sides of these huts 
are made of cocoanut palm leaves Tlie mud floors are invariably riddled vith rat 
holes Sanitation here is rery jiooi and thus the available conditions are ideal 
for active flea breeding 

Sex d^sinbutlon of fleas — Among both X astia and X cheopts the females 
formed a sbghth larger percentage in all areas, except in and around the cotton 
mills, vhere among X astw the males predominated 

Grains and giain movements — ^The city depends for all the grains consumed 
n ithm it on imports from other places Thus rice is imported mainly from Bangoon 
and Saigon b} sea and Nellore and Guntur by rail V heat is brought mostly fioni 
Karachi , gram, dholl, and other pulses come from Eangoon, Karachi, Bombay 
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supply IS so gathered ginned and delivered only after June (summer crop) Since 
the period of picking and ginning of the wintei ciop corresponds roughly to tie 
period u^hich is most favourable for flea breedmg, this crop is likely to he 
infected vuth fleas more than the summer crop 

WTiether these factors alone will serve to explain the difference in the two mills 
we do not know, hut observations recorded here regarding cotton clearly show that 


Negapatam 


Giaph showing the seasonal incidence of rainfall tempo afure 
and humidity averaged ovei the period 1910 — 1925 



it IS a favourable medium for the dispersal of fleas, and further emphasize the 
importance of theXseasonal factor in such importation 

The results of 1me flea survey at Negapatam are described in detail in Part II 
of this report As i^shown then the only species of rat fl.ea obtained there was 
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\ asiKt This lolnl freedom of Xegnpsfmi from X clicojns cannot be explained 
easil\ Both i\ladns md Keiiapat iin arc impoilant scapoits on the East coast of 
tins Presidenc) Both are in direct and frequent comnuinication i\ith Rangoon^ 
and large quintities of Rangoon nee arc being imported into these places and 


Radius City 

Graph shoniuq (he •^ca‘;onaI incidentc of lainfall temperature 
and hunndxlp aicragcd oici the peiiod 1910 — 1925 



also into Colombo '\^^llle X cheopis has established itself in Madras (30 per 
cent m the harbour area) and in Colombo, apparently it has failed to obtain 
a foothold in Regapatam The climatic conditions of the tuo ports are analysed 
below Graphs I and II show the seasonal incidence of rainfall temperature 

J, ME 27 
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{8am) and saturation deficiency aveiaged foi a period of 15 years— 1910 to 
1925 Tlie figures for tins purpose were obtained from the Madras Observatory 
The climate of Negapatam would thus appear to be not very different from that 
of Madras 

There is one point, however, which has to be noted In Madras harbour 
facilities have been provided of late for ships to be at anchorage along the quay 
side to discharge their cargo About 5-12ths of the cargo that is brought to the 
harbour is thus unloaded directly on to the docks The ships at Negapatam, 
however, lie at anchorage about 3 miles off the shore and goods are brought ashore 
in barges and lighters This factor at any rate would limit the introduction of 
fleas to some extent Whether it w’ould serve to give complete protection against 
such importation it is difficult to say. 

Summary 

1 During the survey 1,025 rodents w^ere examined Out of these 23 were 
bandicoots and the rest R lattus In Saidapet 378 rodents were examined and 
out of these 11 were bandicoots and the lest R lattiis The general rat density 
was also high, viz , 29 

The godow ns in George Towm, the bazaar areas in all divisions of the city and 
the slums in Alwarcherry harbour a very laige lat population 

2 In Madras, 2,760 lat fleas w'ere examined, of which 2,608 were XenopsyUa 
astia, 154 Z cheopis, 2 X biasihensis, 1 Pidex Hintons, and 1 CtenocepJiahs fehs 
In Saidapet 1,179 fleas were examined They were all X asha 

3 Theie is evidence to show that X cheopis is being gradually introduced 
into the city At present it is found mainly in the harbour area and in the cotton 
mills in Perambui In the case of the harbour such introduction probably takes 
place through rice imported from Rangoon and in the case of cotton mills in 
Peianibur through cotton brought to the mdls from other X cheopis infected 
places in and outside the Presidency The seasonal factor in such importation 
is discussed 

4 The general and the specific flea indices for all areas are however lowq that 
for X cheopis being less than 2 and for X asHa less than 4, except for leather 
godow ns and Kassimodii which is nearly 6 

5 The susceptibility to plague of the Madras rats is indeed Avell recognized 
From the point of iiew of the introduction of infection, a set of highly disturbing 
factors are found to exist here, viz , the highly susceptible rat, the gradual in\asion 
by the most efficient plague vector, X cheopis, and a frequent commumcation with 
Rangoon, one of me principal foci of infection among the maritime cities of the 
Orient Judging f^nr the trend of similar events in Colombo in 1914, it must be 
pomted out that eafcy preventive measures are indicated if the present freedom 
of the city from pla^e is to be maintained 
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APPEl^DIX I 


Ital (hnsili/ clc , foi llit diffacnl plncis iii Madias and Satdajiet 


I’lncc? 

\uml>(.r Number Number of 
of of rots per 100 

1 emale 
rats 

Pregnant 
rats to 
total 

Replenishment 
rate for 100 

(rn]i^ 

rat^ 

imps or 

per 

females 

rats per day 


mul cnu^lit rat 

cent 

per eent 

Harbour 

l.Ul 

200 

17 

63 3 

2G3 'I 

Kicc podoxvna m Gcorpo 

no 

91 

07 

68 5 

47 2 

Town 





16 0 


Kc'uicntnl nrci'i m Giorpo 

111 

31 

21 

64 5 


Town 





96 


Mutlmlpol bazaar 

UG 

82 

85 

51 2 


Broadwav „ 

•IS 

IG 

33 

5G 2 


Alwarcliprr} 

•IS 

61 

113 

4G3 

28 

Rovajniram Ka'simodu 

fIG 

2*^ 

23 

64 6 

83 

Chmtadrip^t bizaar 

GG 

SO 

83 

68 S 

20 7 

„ rosidcnlial area 

dS 

10 

33 

81 3 

16 4 

Pari To«n Wall Tax Hoad 

IS 

11 

02 

74 4 

40 C 

godow ns 







„ bazaar 

IS 

20 

42 

70 0 

14 3 

! 

„ residential area 

4S ; 

0 

1 1 

GGO 



Koluaal Clla^nd^ bazaar 

88 

13 

16 

38 0 

25 0 

l 63 

„ rcsidtnlial area 

44 

10 

23 

76 0 

i 

I’urasaual kam bazaar 

81 

42 

60 

64 3 

18 5 

1 

„ icsidcnlial area 

42 

11 

2C 

63 G 

28 G 


Pcrainbur bazaar 

nj 

44 

33 

45 6 

20 0 


„ cotton mills 

200 

1 

21 

61 1 

33 3 


„ around „ 

240 ' 

46 1 

19 

65 8 

37 6 ' 


Cboolai bazaar 

07 ' 

36 

1 

36 

64 3 

10 6 1 


„ cotton mills 

IGO 

1 

36 1 

22 

614 

111 1 


New Town leather godowms 

25 

6 1 

20 

60 0 

1 


Puthupot 

47 

14 1 

30 

714 

10 0 1 


Trvpbcane bazaar 

86 

34 1 

39 

67 6 

21 7 1 


„ residential area 

63 

18 

33 

38 9 


1 

J 

Saidapet 

1,451 

378 

26 

69 8 

215 

46 

Total 

1 4,907 

1,403 
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APPENDIX II 


Flea liidices, etc , for R rattua /o) the different places in Madras and Smdapct 


Places 

Number 
of fleas 
collect- 
ed 

General 

flea 

mdex 

Number 
of X 
ttsha 

X 

astia 

index 

Number 
of X 
chcopts 

X 

chcopts 

index 

Sex 

DISTRIEDTION 

Eeuaeks 


Female 

X 

cJieopis 

per 

cent 

Haibour 

213 

103 

150 

0 73 

60 

0 29 

66 0 

56 0 

2 X brastlun 










SIS 

Rice godowns m 

268 

2 88 

265 

2 85 

3 


613 

66 2 

IPulex irnlars 

George Town 










George Town residen 

90 

22 

90 

22 



61 1 



tial area 










Muthalpet bazaar 

271 

33 

271 

33 



62 7 



Broadway ,, 

73 

45 

73 

45 



63 0 



^Iwarchcrrjf 

135 

25 

135 

25 



63 3 



Royapuram Kassi- 

136 

61 

136 

6 1 



64 4 



Cbmtadnpet bazaar 

70 

00 

70 

09 



61 4 



„ residential 

58 

3 6 

58 

36 



60 3 



area 










Park Town Wall 










Tax Road godowns 

1 Io5 

Z 6 

155 

35 

1 


66 1 



„ bazaar ' 

55 

28 

66 

28 

1 


GO 1 



„ residential aiea i 

20 

33 

20 

33 

1 


65 0 



Kotuval Chavadi I 

20 

1 7 

20 

1 7 



66 0 



bazaar ’ 

I 









„ residential area ' 

7 ! 

09 

7 

09 



67 1 



Purasawakkam 

109 

20 

109 

26 



52 3 



bazaar 

' 









„ residential area 

63 

6 7 

63 

67 



46 0 



Perambur bazaar 

158 , 

3 6 

158 

36 



49 3 



„ cotton mills 

101 I 

2 15 

10 

0 21 

01 

1 93 

60 0 

66 0 


„ around „ 

178 

3 3 

178 

3 3 



47 2 



Glioolai bazaar 

130 

3 7 

130 j 

3 7 



40 0 



„ cotton mills 

170 

48 

170 ' 

48 



46 2 



Now Town leather 

30 

60 

29 

5 8 



63 3 


1 Glcnoccplialus 

godowns 

' 








felts 

Puthupet 

112 1 

52 

112 

5 2 



68 9 



Trijilicane bazaar 

80 

24 

80 

24 



68 8 



„ ictjidential area 

64 

36 

64 

36 


* 

67 8 



Saidapet 

1,179 i 

3 1 

1,179 

3 1 



50 7 



Total 

3,945 

1 


3,787 


164 






In calculating the indices, the fleas obtained fiom bandicoots have been strictly omitted 


II Negapatam 

Negapatam, a municipal town in the Tanjore district, is about 270 miles south 
of Madias and is a seaport of considerable importance on the Coromandel coast, 
being the port of call of ships from Rangoon, Straits and Karachi It is 
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connected In o bnncli line to the innin rnilwnj line of tlic South Indian Eailnay 
nniinng from I^Iadras to tlic south and forms the distributing centre of gram 
md mcrclnndisc to otlier parts of tlie Jladras Presidency 

TIic tlimitc IS hot and dr} The a\eiage annual rainfall is 54 inches The 
meteorological oh'-ircations made during the pciiod of the suivcy aic tabulated 
bclon — 


Meteorological ohsenaltoiii 


rlncc 

' Period of 

1 

Mcnn (In bull> 
tcmiioriUum 
b A M in 

1 nlir 

Mdin net 
liiilli 

tdiiiurnliirc' 
Sa m ml nlir 

llumuliU 
per cint 

ATenn 
sntiirntion 
dcficicncc 
m inclic'i 

Average 
annual 
rainlall 
in inchc"; 

^vcfninlnm 

! 

i 

‘ liino luh 

1 I'lSO 

I 

81 00 

7G00 

1 

Cb 0 

0 42 

54 00 


The population is 51 OIG ‘Within the Slunicipnlity, the chief dnisions are 
Negapatam tonn proper the port, ‘\^ollipala}am, Kadambady, and Nagore The 
port IS about a mile firm the toun proper — Kagore forms the northern portion of 
the toMii and is about three and a half miles anay from Negapatam The railway 
line nins through all these ])1 ices and Nagore forms the railway terminus There 
IS as set no proper diainage system and sanitation on the whole is poor 

Homing coiuhfwns — Better class houses built on modem style are all situated 
in Kadambad} The houses in the town, Vcllipalayam and Nagore aie mostly 
single stoned with roofs made up of cocoamit rafters covered ivitli country tiles 
The roofs therefrie aflcrd excellent facilities for the nesting of rats All areas are 
congested except Kadambady 

The godowns arc all situated in the port area These are not rat proof The 
floors are onl} tliiiil} cemented and ver} often found to be riddled with rat holts 
Gram is stored in dark and ill-ventiiatcd rooms and the conditions here are not 
iinfacourable for rat and flea breeding 

Plague — There was only one indigenous outbreak of plague in 1913-14 with 
154 attacks and 141 deaths This was mostly limited to the harbour area It 
IS to be noted that Cclcmbo also became aflected m 1913 Aecording to Hirst, 
‘the ultimate source of the infection of both Negapatam and Colombo was un- 
doubtedly Eangooii which became first infected m 1905’ {Peseai dies on Paia- 
silohgy and Plague, Vol I, part 5, 1927, page 344) X cheojns has now become 
established m Colombo w hile m Negapatam as will be seen from the present sun^ey 
as well as that of Major Cragg in 1922 that not a single X dieopis was seen 
amongst the fleas examined 

The sunmy ^^as done during June-July 1929, which forms perhaps the hottest 
part of the year in the place 
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Rodents — ^Altogether 466 rodents were trapped Out of these 456 were 
Rattiis tattns, 9 bandicoots and one ‘musk rat’ The R lattus were all of the 
bro'vs n-bellied variety with the exception of one white-bellied specimen The 
following Table shows the number of traps laid, the density and the sex distribu- 
tion of rats — 


Rat de7istty, etc 


Place 

1 

Number ; 
of 

traps 

laid 

Number 
of rats 
caught 

Negapatam bazaar 

1 

178 

88 

Nagore „ 


, 144 

79 

Negapatam residential 

area 

274 1 

43 

Nagore „ 

ft 

163 i 

1 

43 

1 

Port „ 

ft ! 

1 116 ' 

1 38 

Vellipalayam „ 

>t 

270 ' 

' 49 

1 

Kadambady „ 

»f ' 

64 

t 

^ 1 

Port godowns 


i 242 

t 

CO 

o 

Negapatam railway Tgoods 
shed 

1 

64 

1 

12 

1 j 

Nagore railway goods 

shed 

( 

27 

2 i 


Number of 
rats per 10 
traps or rat 
density 

Per 

cent 

female 

rats 

Per cent 
pregnant 
females 
to total 
females 

Replenishment 
rate for 100 
rats per day 

49 

G1 3 

27 8 


64 

62 0 

26 0 


16 

72 0 

65 


28 

681 

12 0 


32 

65 7 

28 0 


18 

714 

20 0 

32 

7 

26 0 



44 

66 6 

29 2 


22 

76 0 



7 

60 0 


) 


All the rats trapped were autopsied Out of 301 female rats dissected, 69 
were pregnant and the average number of their foetuses was 3 4 The replenish- 
ment rate (for 100 rats per day) of rats in the locality was also calculated 
from the above data and found to be 3 2 It wdl be noticed from the table 
that the godowns and bazaar areas harbour a large rat population with a highest 
rat density of 44 and 54 respectively 


Fleas 


X mil a -whs the only rat flea found Out of 1,680 fleas examined, 792 or 47 
per cent were lemales The flea mdex was comparatively low in all the areas 
probably owing\ to the fact that the survey was done during the summer season 
The flea index Vor the godowns in the port area was found to be the highest 
(4 4) It may ba mentioned that the only ‘ musk-rat ’ trapped showed 6 X asUa 
on it 
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FIras nnd fleet indices 


1 



\ 

asita 

1 

1 


1 

rincL ! 

lotal 

fleas 

' General 
flea 

1 

1 


A ^ 

index 

i 

RrMARKS 

1 

! 

collteud 

j index 

i 

1 1 

' Total 

1 Per cent 
females 


1 

Xcgipitam birmr j 

200 

1 

‘ T 1 1 

1 

i 20(. 

35 8 

1 

34 1 


Xn!;nn_ „ 1 

200 

3 1 

, 2(i9 

45 2 

34 


Ncpipitim rc-iiirntnl nrCT ' 

SI 


SI 

1 

01 2 

1 8 


Xngore „ ' 

101 

1 O <( 

101 

54 6 

23 1 

In calculating 

Port „ 

108 

‘ ao 

108 

61 2 

3 0 1 

flea indices the 
fleas collected 

t elhpMoi im „ j 

2ai 

a 8 

231 

43 3 

3 8 

■ from b a n d 1 
coots have 

KatHmIndi „ 

20 

oa 

20 

55 0 

03 1 

been excluded 
in all cases 

Pori godovna 

178 

1 1 

478 

60 8 

44 


Xcgipitara rnilwaj gootp ' 
slicd 

10 

25 

10 

50 7 

25 

1 

Xogoro railway goods shod 

o 

1 

1 1 0 1 

1 i 

2 


10 |, 

1 



Gram inoicmcnt 

The imports mul exports of Kegapatam are both by sea and laud The ships 
anchor of! some miles aiiay in the sea and the goods are brought to the harbour 
in barges and lighters Grams arc imported into IScgapatam mainly for distribution 
to the surrounding districts by rail and partly for local consumption Thus rice 
(broken and rail ) is imported from Rangoon, Cocaiiada and Pun — gram, dholl and 
other pulses come from Rangoon, Bombay, nnd Karachi — ^wheat and ishcat flour 
are largelj imported from Karachi Penang sends gunmes, areca nuts, tapioca and 
sago Ground-nuts arc brought in large quantities from surrounding districts 
to Kegapataiu for export 

Although nee forms the chief import into Negapatam it is also cxpoited in 
large quantities to Penang, Singapore and Port Sweltenham 


SUSDIARY 

Pour hundred and sixty-six rodents were trapped , of these 456 were R latlvs, 
6 bandicoots and 1 ‘ musk rat ’ The conditions m the granaries and bazaais weie 
found to be very favourable for rat and flea breedmg 

(2) One thousand six hundred and eighty rat-fleas were collected in 
. Negapatam All these belonged to the species X asLia 
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(3) Botli Colombo and Negapatam are in constant communication with Rangoon 
and the presence of X cheopis in the former and its complete absence in the latter 
port IS to be noted 


REPORT NO VI. 

A RAT-FLEA SURVEY OF NELLOREU TIRUPATI,- TIRUMALAU 

AND TANJORE j- 

I Nellobe 

Nbllore is a municipal town with a population of 37,000 It consists of a 
number of suburbs close to one another, the most important from the point of view 
of this survey, being the Stonehousepet to the north of the town 

All the rice mills are situated in this area excepting two which are in other 
parts of the tov n The mam street in this suburb is the Stonehousepet bazaar 
This street contains all the godowns and shops uhich stock giaius imported from 
various places paiticularly the Nizam’s State All other shops sellmg nee and 
gram m retail are situated m a stieet at right angles to the bazaar only a few yards 
away 

Nawabpet is another suburb in continuation of the bazaar of Stonehousepet 
and contains among othei quart eis the houses and shops of those who stock and 
press gmgelly seeds for oil 

In the heart of the tovn proper there is another bazaar street The shops 
here get their supply of grains from the Stonehousepet godowns 

The climate of the place is to be desciibed as hot and dry The mean maxi- 
mum from t^th April to 3rd May was 97 2'’F in the shade and the minmmm was 
78 7 F Thi mean vet and dry bulb readings taken at 8 a M weie 78 1°F and 
84 3°F the s itiuation deficiency being 0 35 inches 

) 

r Expo)t and znipo^t 

The mam exp i, is rice It forms about 80 — 85 per cent of the total exports 
of the tov n Aboi ■■ ^200 000 bags of iicc are exported annually to all the southern 
and vestein distiu i ,f the Madras Presidency The bags are generally despatched 


il: 

t - 


~ places were survejed by Br N Natarajan 
place was surveyed by Br P V George 
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from ll\o nco miiK and il m \or\ me foi them to be stoeked m the Stone- 
hou'^ejiot godo\\ii‘> before being sent out 

Castor nut is another itim of sjunll export forming about 10 pci cent of the 
export, tlio export being t<> Cuddiijidi and Chittnoi districts 

Import IS mnnl\ from tlu Ni/un’s Dominions Various food-stiiffs such as 
green gram, Bengal grim, black grim lior^e gram, castor seeds, coriander seeds, 
nshu nut i\hcat gingelli seeds, mustard, and large quantities of chillies are im- 
ported in consuhrible quantities — on tlu a\eiagc of about 24,000 bags annually 
Giiiint bags are got from Yiriaii igar and coco nuts me imported from Calicut 
■ — ^I'lu species prc\ iiling ben is ]{altu<; uitlus Pathis noivcgiciis and 
mice aserc not noted V hite-belbed rats formed about 12 per cent of the rats 
tripped One tliomiud and forti se\en rodents wcic trapped of which four were 
bandicoots Fifti rats were taken for flea biocding experiments Tbe rest were 
cxaniinod for fleas Out of 007 rats (xainined, 700 or 67 7 per cent were females 
The figures for rat densitt , etc , ire det iilcd in Table I — 


TARir I 
Itat density, etc 



rineec 

Niimliei 

of 

trnpo 

laid 

of rats 
per too 
traps or 
rat 

dcnsilv 

Totai 

Males 

sDMBrn or 

CAlOllT 

Females 

HATS 

Total 

( 

Nanibcr i 
of 

pregnant | 
females i 

1 

Number 

of 

fcetusca 

found 

1 

1 

S 1 0 n chousepet j 
baznnr ' 

1 

1 

133 

! 

IGG 

73 

135 

208 

1 

42 

177 

2 

S t 0 n ehou';cpct 1 
rice millR ' 

54 

1 

m 

1 

21 

' 51 1 

» 

t 

1 

72 

8 

41 

3 

0 1 o n eliouscptt 
dompstic qimr 
tci-s 

at 

1 

128 

t 

25 

44 j 

CO 

1 

13 

C4 

4 

Nawnljpct 

42 

1 1C2 1 

18 

50 

08 

7 

34 

G 

Itnngannj akulu 
pet 

G4 

1 

1 

1 

j 

15 

1 

1 

1 

32 

47 

9 

39 

0 

Kapadipalajam 

1 C4 

( 

1 

' 37 

7 

1 

20 

‘ 

20 

7 

NUloro, ivest 

54 

57 

G 

1 

1 26 

1 

1 

31 

1 

7 

28 
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Table I — condd 


places 

8 Nellore, east 

9 Moolapet 


10 Patekha npot 1 ^2 

police lines 1 

11 patekkanpet 
domestic 
tera 

12 Parallel 

between Nei 
lore east ana 

bazaar 

13 Nelloie town 

bazaar 

14 Grand Trunk 

road 

16 Domestic quar 

ters 


16 Durgammet 

17 Railway goods 

sbed 


I 1 Number 

Number of lats 

' ol 

traps traps or 


TOTAU IjinMBER OF BATS 
CAUGHT 


Number 

oi 

pregnant 

females 


Number 

of 

foetuses 

found 



^ ..ndpTiced by tbe wimber of 

There rvas a large taaaar 

rats trapped per ^ f The denstty bazaar areas 

as usual baviug a g j, traps were alone 

'f ;"Crthe v.e »7 of the ,,,, ,hde for 

If the 7\dneitjBsity nses considerably ^ r 100 traps laid 

considered V J t,„^nar area it fall P examined Table II 

"L font hundred and live fleas aver 

below gives tb^ree "" 
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T\m.r II 


Fha<; ami flea indices 



riicc 

8o(al 

(leas 

examined 

X 

II sfin 

A 

chcnpis 

^ X ailta 

X 

1 chcopis 
index 


Maks 

I cmalts 

Males 


1 omales 

index 

1 

Stonchou'ipel bT’nnr 

87S 

281 

241 

242 


IGl 

1 

^ 2 2 

10 

2 

Do ncc milli 

210 

117 1 

122 



1 

33 


1 

Do donic'lio 
(junrlcrB 

275 

132 * 

1 

1 

180 

1 


3 

39 

( 

i 


4 

Xnvrnlipct 

209 

OS 

no 

1 



31 


5 

Rnnt:nn'v\ ^tuluiK-l 

IIG 

IS 

G6 




25 


G 

Knpailnnlti\ nm 

I Of. 

63 

58 




5 8 


7 

\clIore, '(vc't 

107 

51 

53 




35 


8 

Xcllorc, enst 

lot 

Gl 

^ OS 

1 



35 

1 

9 

AToohpet 

54 

28 

31 




i 64 

i 

10 

rateklianjKt Poltco 
Imc" 

00 

25 

35 




23 

t 


II 

Do domestic 
quarters 

I2I 

45 

76 



1 

' 37 

1 

1 

12 

rsrallcl roads 

beta ecu Xelloro 

east and bazaar 

123 

'0 

74 


1 

( 

t 

] 

i 

1 

32 

) 

18 

Xcllorc touTj bazaar 

091 

180 

105 

183 


j 116 

1 8 

1 2 

14 

Grand Trunk road 

80 

4G 

3C 

2 


5 

1 8 

I 

1 

15 

Domestic quarters 

208 

08 

no 




1 44 

1 

IG 

Durgamraet 

59 

28 

31 




1 8 

1 

17 

RaiUvav goods shed 

4 

1 

3 




40 

1 


Tlie rats from the bazaar areas only harboiued both X asha and X cJieopis 
■\\hile tlie nts trapped from other areas harbomed only asha It is to be noted 
tliat the Stonehousepet bazaar nhich imports and stocks grams from the Nizam’s 
Dominions has a laiger X chcopis index (1 9) than the other bazaar areas in the 
tonn nhicli oiilj obtain their supplies from the former (1 2) 

The generad flea index was 3 4 , 2 7 a\as the X asha index -nhile the A cheopis 
index for the aihole town was 0 8 but this last figure is fallacious because the lats 
of areas other than the two bazaar streets harboured no A cheopis Therefore 
if these two areas alone w ere considered the A c/ieopis index per rat would be 2 
8p o per cent of the total fleas w ere A astm The percentage w ould have been 
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III Tahjore 

Tanjobe Csty, the head-quarters of the district of the same name, has a popu- 
lation of 60,341 It consists of the fort and two suburbs Kamnthattangudi and 
Manambachavady It is an important railway junction on the main line of the 
South- Indian Railu ay and is at a distance of 218 miles from Madras and 226 miles 
from Tuticonn 

Chmate — The meteorological observations made during the period of survey 
are tabulated below — 

Table I 


Place 

Period of j 
survey 

1 

Mean dry I 
bulb tern- 1 
perature 

8 A M in 1 
Fahr 

Mean wet 
bulb tern 
perature 

8 AM in 
Fahr 

1 

Humidity 
per cent 

Mean 
saturation 
deficiency i 
m inches 

1 

Average 
annual 
rainfall 
in inches 

Tanjore City 

! 

Aptd 1929 

85 0“ 

79 00° 

i 

77 0 

0 26 

1 

36 00 


Housing condition, sanitation, etc — ^The city is an old historic town with a fort 
and a temple The houses in the foit and other congested areas have a solid 
foundation and are terraced However they were found to harbour numbers 
of rats 

The godowns are mostly situated in the East gate bazaar and Ayankadai 
These are dark, ill- ventilated rooms where lats find ideal shelter both in 
the flooring and in the ceiling 

The ariangement for the disposal of rubbish is not satisfactoiy, and the 
diainage and general sanitation is very poor The city is in most parts so ovei- 
crouded that enforcement of adequate samtation is beset with great difficulties 
Plague — The city has nevei had plague m an indigenous foim Imported 
cases uere reported in 1905, 1910, 1914 and 1919 In 1919 a few rat falls 
were also reported in the Hospital compound The district as a whole also has 
been fiee from plague except Negapatam which had an outbreak m 1913-14 

Suivey — The survey was done in April, at about the height of summer in 
the locality Every representative area in the city was selected and also a village 
Papanasam, about 15 miles from Tanjore 

Rodents — Seven hundred and fifty-six rodents were examined Out of these 
699 were Rattus lattus, 46 Rattus noivegicus^, and 11 bandicoots Ratiiis latlus 
were mostly of the brown-bellied variety A few dark-bellied ones were also 
obtained but none of the white-beliied type Rattus noivegicus were obtained 
mainly from houses and were often trapped together with R laiius The distri- 
bution of this species was not confined to any particular pait of the town 
Bandicoots were almost always got from Manambachavady, where tliey seem to 


* These are provisionally identified as such 
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nbo^mcl in 1 irpo lunnlicr's The figures or rat density, sex distribution, etc , are 
detailed in the foilouing Table — 

Taiiii II 


Hut d(n':ttij, etc 


rincc" 

Niimlior 
of traps 
laid 

1 

Number 
of rats 
caught 

Number of 
rati for Per cent 
100 female 

traj.s rat rats 

(Icnsitl 

Per cent 
pregnant 
females 
to total 1 
females i 

A% erage ' 
number j 
of feetuses i 
per prog , 
nant rat j 
1 

Rcplcn 
ishmcnt 
rate for 
100 rats 
per day 

1 

TiNJour 



1 

1 

1 

1 

i 1 

t 

1 

1 


Da.nnr aren? — 

1 

! 


t 




r nst gate liizmr | 

ino 

1 271 

138 t 

, 1 


1 

A\ ml acini „ 1 

121 

t 

. 80 

i 

CO 


1 

1 

1 

Clock toM cr „ 

1 

nr. 

1 

CO 

i 

i 


VnndiixiUah „ 

89 

' 10 

5-. 

1 1 

1 





’ 

O') 5 

201 

63 

3 8 

TfcsicJciifio/ aren^ — ' 

1 




\ 



I ort 

107 

1 

1 102 

1 

62 

I 



Manmilmcliavnch 

1 119 

1 

1 

1 n 

42 

f 

1 



Knrunllnttangudi 

82 

20 

' 1 

32 j 1 

1 1 

1 



Paganasam 

20 

14 

1 

1 70 1 

1 

1 

1 

55 5 ' 

1 





The females were slightly in excess All the rodents uere autopsied, and 
spleen smears examined for B pestis aiith negatne results In the females the 
number of foetuses whenever present uas also noted, and from this the replenish 
ment rate of the rats ivas calculated 

Eat density uas high m all areas m the city, but particularly in the grain 
godowns in the East gate bazaar uhere it was the highest (138) This figure is 
more than twice that of any other figure got in the city, and so reveals the con- 
ditions under vhich these godovns are constructed and maintained 
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Fleas — Two thousand four hundred and five fleas were examined , all these 
were Xenopsylla asUa, with the exception of one Ctenocephahis fehs The 
female fleas formed only 48 5 per cent of the total The flea indices for 
R latius, for difterent areas in the city, are shown in Table III The flea 
index for bandicoots was 14 2, and that for B nojvegicus 4 4 

Table III. 


Fleas and flea indices fot R rattus 


Places 

Total 

fleas 

examined 

General 

flea 

index 

Total 

X aslta 

Per cent 
female 

X asha 

X astia 
index 

Remarks 

Tanjore 

1 






Bazaar areas — 

1 

t 






East gate bazaar 

i 

i 707 

2 60 

707 


'I 


Ayankadai „ 

230 

2 87 




( 

Clock tower „ 

282 

3 48 




In calculating 

Vandipettah „ 

3G9 

7 53 


> 48 6 


flea indices, 

only the fleas 
collected from 

Residential areas — 






R railus have 
been made use 
of 

Fort 

223 

2 18 





Manambaohavndv 

480 

2 47 





Karunthattangudi 

85 

3 27 


/ 



Papanasam 

\ 

29 

2 00 

1 


62 07 




The specific ^ astia index for R laltus which is also the general flea index, 
ranged from 3 48 foV the clock tower bazaar to 2 18 for houses in the fort area, 
but it vas as high ^ 7 53 in Vandipettah 

It may be interesiiing here to point out, that on comparing the flea index and 
rat density figures in woth the bazaar and residential areas, it is found that the 
flea index diminishes a^the rat density increases There is, however, no definite 
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qmnfitntnc rolnhon Ain]io\\ il ma\ be deduced that the combined effect of 
the ])rc\ ailinp conditimm of clinnie bou'snip; and sanitation arc more in fa\our 
of rats than rat-fle i'- 

Guvit nioi nnnit — Tanjore i^ one of the most feitile districts in tbe Presi- 
denc\ watered In tlie n\er Cau\ei\, ind Iirpe quantities of rice, cholam, ragi, 
etc, are grown Tanjore town gets its supph of grains, partly from wntbm 
the district, and pirtli from otbei places Thus the chief imports are tbe 
following — 

Padd\ eoincs almost entireh from surrounding Milages Rice from Rangoon, 
Ncllore and Guntur "Wheat from Karachi and Bombay Cholam, ragi, cambu, 
dholl, etc , from surrounding a ilinges and also from Panrutti and Cuddaloie Oil- 
seeds from Bombaa Prcsidenca, Ilubli, Gokah and Bijapur The chief exports 
are grouiid-mits padda , dholl and gram 

The local griins are brought to the town b^ road, m countrj’- carts These 
arc first taken to the ^ audipettah, where the gunnies aic emptied, and grams sifted 
and remeasured to local dealers The grams from Rangoon, Kaiachi, and Bombay 
arc broil slit here b\ rail from the seaports of Negapatam, Tuticorin and Madras 
Attempts were made to find out if there was ain gross infestation of the grains 
with rat-fleas oi their lar\a' Simples of different giains, beatings from the gun- 
nies and sweepings from the godowns weic collected Each sample was examined, 
extraneous lnr\ro, etc , remoacd, suspicious flea laiMC isolated and incubated in 
a sterili/ed mixture of bran guiiin dust, etc , and observed m the laboiatory under 
suitable conditions Twent\-si\ different samples were observed It may be 
said at the outset that no adult fleas were detected m any samples But in three 
samples 1 adult fleas, ail A' ostm, emerged after incubating for about 4 weeks 
Two of these samples were from grams just brought to the town, one being husk 
from rat-destro\ cd padda m a guimj, and the other gunny dust The thud was 
from a sample of sweepings from the floor of a godowii 

As would be seen fiom Tables II and III, Yandipettah shows a rat density and 
flea index of 55 and 7 53 lespcctncly As was iiicntioned before, Vandipettah 
receives all the gram supjil) from outside, befoic such grams are redistributed to 
local dealers The area of this Pettah is perhaps not more than 2 acres The 
high density and an cquall}’- high flea index evidently points to the frequent 
importation of fleas with such grams 

It IS, lioweaer, cuiious that in spite of some gram trade with such X cJieopts 
infested areas as Hubli, Gokak and Bijapur, no introduction of X cJieopis has so 
far been noted m this locality 


SuMMARX' 

Seven hundred and fifty-six rodents were examined of which 699 were 
P lathis, It noivegicus, and 11 bandicoots 

The samtary and housing conditions of this city favour a large rat population 
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I^TRonccTro^ 

Although succps'.fni results follow in" the ndnunistration of serum hue been 
recorded fioin tune fo tune from countries outside India, yet, the results winch 
lia\e attended the use of i iiious anti-plague seia in our Plague Hospitals, have 
been considered as unsatisfacton In 1913 the Advisory Committee on Plague 
Iincstigations(l) repoited that from thtii inquir\ ‘the admimstiation of the 
aiailable sera is not a practieal means of bunging about any mateiial diminution 
m the mortality from plague , it may "ell be that better results uill be obtained, 
if the treatment could be commenced witluii a fe" hours of the onset of the 
disease , tins, how ever, is in a great majority of cases impossible in ordinary 
hospital practice ’ 

In 1923, Cholvsy who has an unrivalled experience in the treatment of tins 
disease, contributed a senes of articles to the Times of India{2) urging the 
necessity for undertaking researches into anti-plague senim in India, as ‘ it is 
the onl}^ remedy that holds out any hope of reducing the excessively high case 
mortality which has so markedly characterised the epidemics at Bombay ’ 
These articles attracted considerable public attention Therefore, Col Mackie, 
the Director of the Hafikine Institute, obtained the sanction of the Indian 

( 1259 ) 
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Eesearcli Eund Association to proceed with, researches into anti-plagiie semm, 
on the conclusion of an inqniry into anti-plagiie vaccines which was then in 
progress In 1927, experiments on the possibility of preparing a potent anti- 
plague serum m India were commenced , and this paper deals with (A) the 
history of anti-plague serum, (B) the results which have hitherto attended the 
use of various anti-plague sera m man, (C) our attempts at the prepara- 
tion of anti-plague sera in animals ^vhich aie susceptible to experimental 
infection with one or other of the organisms of the pasteurella group, and (D) 
the comparative results which have followed their use in Laboratory animals 
experimentally infected with plague, along with Yersin’s anti-plague serum 
manufactured at the Pasteur Institute, Pans 

(A) History of anti-plague seruji 

Following the discovery of the plague bacillus, Yersin, Calmette and Borrel{3) 
demonstrated the possibility of immunizing rabbits against plague and showed 
that the serum possessed both preventive and curative properties W'hen tested 
in rabbits , encouraged by these results, they immunized a horse against plague 
and found that its serum also possessed preventive and curative properties 
in mice These successful lesults made them hope that semm therapy could 
be applied to the plague-stricken man Therefore, Yersin at Nha-Trang, and 
Roux, Calmette and Borrel at the Pasteur Institute, Pans, began the immuniza- 
tion of horses and as soon as a sufficient quantity of serum became available, 
Yersin(4) proceeded to Canton and then to Amoy and treated in all 26 
cases ivith serum , of these only 2 died with a case mortality of 7 6 per 
cent The publication of these results appeared about the tune wffien plague 
broke out in Bombay Yersm’s results with serum were so stnkmg that the 
Health Hepaitment of the Municipality of Bombay instmcted Haffkme to 
undertake at once the preparation of semm In November 1896, he began 
the immunization of horses, cattle, goats and sheep, on a plan similar to that 
announced by Yersin , in February 1897, he(5) tested the semm at the Plague 
Hospital, Bombay, on six patients who were in a serious condition and 
consequently not likely to recover, with six similar cases for controls Out of 
the SIX treated, three died and of the six controls five died with a percentage mortality 
of 83 3 , the three among the treated w'ho succumbed, lived longer than the 
untreated , and out of the four cases treated wuthin 24 hours of the onset of the 
disease, only one died From these results Haffkme concluded that with the further 
immiimzation of ammals, it might be possible to obtain a semm which may have a 
favourable influence on late cases In October 3897, wffien he had accumulated 
sufficient amount of semm, he(6) treated every alternate case admitted to the 
Poona Plague Hospital , out of the two hundred cases w'hich passed through his 
hands, one half were treated with varying amounts of semm, the other half served 
as controls From the climcal observations, he obtamed no evidence of any 
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h\o\inl>]e effect n(tiil)utiil)le to the seitim and the ease mortality among the 
trcilcd wn'; wme 1 1 ])er edit higher than among the coiitiols As his results with 
■=erum iiore entircli of a negatm charactir, he aliancloncd its further preparation 
Tlic next nftnnpt to ])repau' serum locall) was made in November 1898 Lustig 
prepared inli-])lagne serum hi mjccling hoises i\ilh piagne nucleo-proteid which 
proicd to he (uratue in exjieiimenf d animals , tins serum m as sent to Bombay 
111 1897 for Inal Bi the lime if had armed, the epidemic had run its course 
and onh a feiv sjioridic cases veu aiailable for treatment Choksy vho 
lias in charge of the Aithnr Bold Hospital, nheit it nas first tried, reported 
that it was ‘the onh serum vhich ga\t iin thing like satisfactory results, 
ns out of the 2,5 cases treiled vilh it onh fne succumbed vith a case mortality 
of 217 pn cent’ On tin strength of this rcpoit, the Corporation agreed to 
the local production of laistig’s serum and engaged the seriices of Lustig’s 
assist lilts Drs Galcotti iiid I’oherini, for the purpose This serani had 
an extciisnt trial for oxer two xeirs md as the lesults following its use 
Here not more faxoniable than those which attended the use of other sera, 
the Corjioration discontinued its prcpiration in June 1902 This is the second 
and last nttcm])t it the production of anti-jii.igue seinm m Bombay Apart 
from these two iocilh jirepircd sen, other anti-plague sera sent out to Bombay 
liaxo also been tried in ourliosjntals The first of those is the anti-plague serum of 
Yersin , on the recommendation of Lord Listci, the Secretary of State desired that 
the Go\ eminent of India should iiuitc Ycrsni to Bombay to undertake the 
treatment of plague Accordingh , he(7) armed in March 1897 with a supplj’- 
of serum and treated some oO cases in pm ate practice, along with other 
medical officers, he also treated some cases admitted into hospitals with his 
scrum The other seia which had a trial are those of Term (Messina), of Brazil 
(Brazil), of Tax el (Beine), of Paulthaiif (Vienna), of Shibayama (Japan), and of 
Rowland (London)^ 


(B) Results oi serum therapx in man 

From the reports of BannermanfS), Choksy(9), and the Advisory Committee 
on Plague Inx estigations in India(lO) and of K.olmer(ll) and other recent publica- 
tions, we haxe summaiized in Tables I and II the results which hax’^e hitherto 
attended the use of anti-plague sera not only in our plague hospitals but also in 
countries outside India Fioni these it would appear that among the class of 
patients who seek admission into our hospitals, the administration of serum w as 
attended xvith a reduction in the case mortality by about 7 to 10 pei cent, whereas 
the case mortality folloxxing its use in other countries has varied within x^ery xvide 
limits, namely, from 5 5 to 75 0 per cent in difterent epidemics To account for 
these difierences it is, therefore, necessary to consider the unfavourable factors 
which have attended its use in our hospitals in Bombay, in some detail Some of 
these are — 
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(a) The vuulence of epidemics t 

From Table III, it would appear that although the iucidenc|! of plague in 
Bombay has been gradually on the decline, yet the virulence of infection, judged 
by the case mortality either among the cases reported in the city or among the 
patients admitted into our plague hospitals, has remained the same throughout 
the successive epidemics 

Table III 


The incidence and case moitahiy of bubonic plague in the city of Bombay and m the 

plague hospitals 

Bombay Plague hospitals 

Population ' ~ j j 

Year Attacks Deaths mSJy ' Adm.SMons j Deaths j 


1896 

2,544 

1,936 

76 1 

297 

199 ' 

67 0 

1897 

13,314 

11,003 

82 6 

1,270 

862 1 

67 8 

1398 

22,130 

18,185 

82! 

2,187 

1,602 

73 2 

1899 1 

19,651 

16,796 

80 7 

1,387 

1,088 ' 

78 4 

1900 

17,913 

13,28) 

74 1 

812 

■ 609 j 

75 0 


1901 

21,006 

18,736 

89 

1 

1902 

16,423 

13,820 

84 

1 

1903 

23,344 

20,788 

89 

0 

1904 

15,488 

13,638 

87 

4 

1905 

16,308 

14,198 

87 

0 

1906 

12,323 

10,823 

87 

8 

1907 

7,353 

6,389 

86 

8 

1908 

6,134 

6,361 

87 

3 

1909 

5,864 

6,197 

88 

6 

1910 

4,130 

3,656 

88 

5 


1,618 

1,258 

1,371 

1,080 

1,395 

944 

611 

609 

608 

440 


979,445 


1911 

4,503 

4,006 

1912 

1,936 

1,717 

1913 

3,023 

2,609 

1914 

3,348 

2,941 

1915 

694 

699 

1916 

2,321 

1,987 

1917 

1,987 

1,706 

1918 

1,380 

1,143 

1919 

826 

702 

1920 

347 

282 


8S9 
88 6 

86 3 

87 8 
86 3 

85 6 

86 8 
82 8 
84 9 
81 2 


1,176,914 


1921 

1922 

1923 

1924 
' , 1925 

\ 1926 
\ 1927 
(, 1928 


1,031 

759 

1,601 I 

450 ' 

192 I 
63 I 
_ 223 ' 


296 I 


811 

632 

1,329 

409 

174 

56 

207 

257 


78 6 
83 6 
88 5 
90 8 
90 6 
88 8 
92 8 
86 8 


666 

238 

392 

440 

136 

411 

476 

328 

189 

123 


339 

234 

343 

120 

66 

25 

61 

129 


1,168 I 76 9 
1,026 81 5 

1,046 76 2 

797 73 8 

1,051 76 3 

666 69 4 

446 72 8 

432 70 9 

488 80 2 

339 77 0 


423 74 8 

174 73 1 

293 74 7 

332 76 4 

97 71 8 

319 77 6 

369 76 4 

263 80 1 

145 76 7 

79 64 2 


202 77 2 

ISO 76 9 

264 76 9 

97 80 8 

48 85 7 

22 88 0 

57 93 4 

109 84 0 


t 
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(6) The nalinal tcsislancc (o infcclwu 

Tho pilicnts \\ho \ro adiuittod into onr hospitals aic mainly from the very 
poorest classes of tlio conlllHlnlt^ the^ iii ill-noiinshed , they live in over-crovded 
dwellings under lnslnIt^r^ and niilngienic sui roundings , inoreovci, the different 
races such as the lliiidiis Mnhonimednns Native Christians, Parsecs and Jews, 
admitted into hospital differ in their iiaturil resistance to infection, the Hindus 
who form the largest miinher heing the most susceptible In Table IV, we have 
recorded sonic of Clioksi ’s figures on the racial incidence of plague and its fatalitj 
among cases admitted to Arthur Itoad and Jfaratha Plague Hospitals 

Taiui n 


liacHil Dicuhiici of plittiiK (iixJ )/>. Jahtlthf omoluj ell'll (i(hniUid to Afthui Road 
aud Maratha Plaqio flo'^pdals, Bombay 


Kneo? 

Si I Ti uiirii Isafi TO 

It M I'KKI 

i 

1 

TO I'lOO 

, 1890 

TO 1918 

Cases 
admitu d 

I'trcenlngi 

inortnlitN 

C asis 
ndmiUt d 

Pirccntagc 

mortaliU 

Cases 

admitted 

Percentage 

mortality 

Hindus 

o.Olb 

71 07 

l.SSO 

70 71 

13,228 

77 2 

Mahommcdntis 

r.G 

GO 7 ! 

770 

7 1 50 

2,335 

69 3 

XntiTC Clinstmns 

400 

04 14 

t'l'l 

00 01 

1,070 

68 1 

Parsecs 

ill 

OS !i 

10 

40 00 

303 

' 66 0 

Jews 

21 

00 00 

10 

80 00 

60 

1 64 3 

Europeans and 
Anglo Indians 




1 

i 

68 

i 65 8 

1 


(c) The diaaliou of ilhiess 

In the absence of compulsory isolation, iiiost of the patients only seek admission 
into hospitals when treatment in their own homes has failed, or w’hen they are 
abandoned by their lelatives and friends In plague, which normally proves fatal 
in three to si\ days, absence of proper treatment during the first day or two of 
illness must seriously influence the case mortality According to Choksy(12) 
fully 70 per cent of the patients aic admitted into our hospitals wuth septiciemia, 
the average duration of illness on admission being 3 to 4 days The mortality 
among hospital patients wuthin 48 hours of admission has been showm by 
Chok8y(13) to vary between 57 and 62 per cent Table V compiled from the 
results of Yersin(14) and of Choksy(15) emphasizes the importance of early 
treatment with serum 






Senim thetapy of bubomo pHagiie 
jResulis of treatment acro')d%ng to the diuation of illness 
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((f) The lhcrapcu(tc dobc of set itm 

Th(' n^^llal3lc rcconU of ct‘=os frcalcd \Mt]i scrum m India during the years 
1807 — 1912 ''CCin <o indicate (hat (he amount of serum administered uas relatively 
small and the injections vcrc niosth guen hj the subcutaneous method 
Koliuor(IG) has jiointcd out th it ‘ the promjit administration of anti-plague serum 
in large doscq uid In intraaeiious injection has proacd of decided aalue especially 
111 the treatment of the Imhonic tape of the disease in the highly fatal pneumonic 
tN’pe it has appirentK sa\ed some lues ’ 

(c) The itlDundon of iht cinatni laloc of seium 
Choksi his Iiecn contending agiiiist the alternate system’ employed h} 
HafTkine and the Pligiie Conimis-.inn for estimating the curatnc aalue of the 
inti-pIaguc sera in oiii liosjnt iN This ••a stem coimsts in subjecting caery second 
ainaal into the lunjiit il avitli tin eaception of those who died aaithm a fea\ houis of 
idmi'-sion to injections with scrum, without selecting the patients for treatment 
according to person il impressions or statements sujiplicd by the medical ofhcci 
or In the jntient or his relitiaes and comjmring the mortality statistics among 
the treited and iinoiig (he non-ticated, to estimate the curatia e amlue On the 
other hand, Choksa taercised i ‘ si stem of selection ’ for treatment by excluding 
all moribund cises and those aalio aacre in a semi conaalcsccnt or conaalescent 
condition at the time of admission and tieitcd only such cases aaho seemed to 
liiin aaould be bom fited ha the serum The results which haa'c attended these 
two methods '-how tint aaith Y(rsins ‘.erum bj the ‘ alternate system ’ there aaas 
a reduction in the ciso niortalita bi 0 8 per cent as compared anth the ‘sjstem 
of selection ’ which aaas ittcndcd with a reduction in the case moitality by 23 2 per 
cent , and in the cise of Lustig s soiuin the ‘ alternate system ’ showed a reduc- 
tion of 7 4 jier cent is eompaud with the ‘ sastem of selection ’ which showed a 
reduction of 21 7 pei cent 

Clinical obseia atioiis aahich noaa (xtnid oaei thiit} }eais have shown that 
folloaaing the injections of scium then is a modciation in the intensity and dura- 
tion of feaer, imjiroa enient in the state of cnculation as indicated by increase of 
arterial pressuie, diminution in the sire of, and lessening of pain in buboes, cessation 
m the piogress of adaancing Ivmphatic infection clcaiing of the mental faculties 
and a general iinproaement in the condition of the patient Eaen in cases where 
the administration of serum fails to save the life of the patient, it produces great 
amelioiation in his condition and piolongs life These clinical phenomena which 
manifest themseK es after the injection of sennn ha^ e made the physicians hope 
that with a serum of gieatei potency and of anti-toxic property, it will be possible 
to sa\e more ines ind to aihocite foi furthti researches into the anti-plague 
serum 

(C) Our attempts at the preparatiox or potem serum 
Smee the discovery of anti- diphtheria serum, considerable advances m oui 
knowledge of bacterloIog^' and immunology ha^ e been made and we have come to 
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recognize many factors ■wlixcli may have an influence on the potency of anti-sera 
Some of these are — 

(a) The stimn of the oigamsm used /oi immunization 
For the preparation of a potent anti-bacteiial serum, the first requisite is the 
selection of a suitable strain or strains of an organism, just as the employment of 
a powerful toxin is essential for the preparation of a potent anti-toxic serum Many 
attempts have been made to differentiate the strains of bacilli isolated in different 
countries by the agglutination and absorption tests by the carbohydrate reactions 
and by compliment fixation tests but without success D’Herelle (17) believes 
that strains of plague bacilli isolated in India, are much more virulent than 
those isolated in other countries and the Indian strain has been shown to be 
relatively more resistant to his bacteriophage isolated in Indo-Chma and m 
Alexandria Some investigatois hold that the plague bacillus produces an exotoxm 
in broth cultures and Mark! (18) has employed filtiates of broth cultmes for the 
immnnization of animals to obtain a potent anti-plague serum Although the 
occurrence of giant colonies in cultuies of plague has long ago been observed by 
Haffkme (19), yet, it is only recently that Arkwrig}it(20) has drawn attention to the 
difference in the antigenic properties of the rough and smooth strains of the coli- 
typhoid group of orgamsms Further researches have shovn that this difference 
in the antigenic value between the loiigh and the smooth strains holds true with 
different groups of organisms hitherto examined Huntoon and Hutchinson (21) 
have pointed out that in the preparation of anti-plague serum ‘ owing to the dangers 
connected mth handling the plague organism, commercial laboratories are required 
to use only non-virulent strains ’ Our experiments with anti-plague vaccines have 
shown that (i) the immunizing value of a vaccine is largely dependent on the viru- 
lence of the strain employed for its preparation, (ii) strains isolated either from 
human cases or from experimentally infected rats, exhibit individual variations m 
virulence, (in) emulsions made fiom plague-infected spleen are more virulent than 
those obtained from cultures on agar or m broth, (iv) virulence of the strain is lost 
wholly or in part under prolonged cultivation on artificial media, (v) virulence of 
the organism is modified by passages from a highly susceptible animal into animals 
of relatively low' susceptibility, and (vi) an avirulent strain produces a vaccine of 
low potency Therefore, for the immunization of animals, we have umfonnly 
employed strains of great virulence recently isolated frem human cases and wffose 
1 Hulence has been maintained fay repeated passages m the highly susceptible Madras 
lats Cultures were made on agai and after an incubation of 48 hours at room 
temperature, the growth was wmshed with the supernatant fluid of Haffkme’s 
plague prophylactic vaccine and used foi inoculation of the animals 

\ (6) Selection of a suitable animal foi immunization 

Since thkpieparation of diphtheria anti-toxin in horses, investigators have as a 
rule employed torses for the preparation of other anti-sera "While the therapeutic 
value of anti-Aph therm, anti-tetanus and anti-streptococcus sera is now well 
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c'!til)li‘5liO(l the Micro';'; mIiicIi Ini'; attonded llic u';o of othci scia has been limited 
In the ca';e of diphtheria let inns and sirejitococcnl infeetions, it has long been 
rccogiiired that tho'-e disc I'-O'^ occni in hoi “-os under inf nral conditions For the 
production of .iiiti-jil igiic '■iriini YirMii and Foiix, Kollc Lnstig and others have 
cnl])]o^cd horsos for 111111111111/ it 1011 uid the thcripciitic results mIiicIi have attended 
its me ha\c \aricd vith the ]iot(iic\ of difioicnt '-da and nith the virulence of the 
cpultniics in different loiintries II if{Kine(22) iliiiiiig the coiiise of his experiments 
on the jirodiielion of anti-plagiie spium found tint slipcp Molded a senim which 
was ther ipeiitu alh more promising tlian those obtained from other animals includ- 
ing horses Term (23) in tlessina found that the aiiti-plagiic scnim prepared by the 
immuniration of mules and cattle pa\o bettor results than that obtained from 
horses It has also been recorded that during opidcmics of plague in Europe and 
in China there had been an uinisualh hea\\ mo^tallt^ among cattle, sheep and 
pigs, hut no mention is made of such in oeeurrence in horses Furthermore 
ha'inorrhagic spptica?niia a disease caused In the members of the Pasteurella group, 
IS a common and fital infection in cattle sheep and pigs but not m horses To 
what extent the su«ce])til)ilit\ of m aniniai to infee tion bj a particular organism, 
has an influence in the production of a potent anti scnim spccihc for that organism 
is a subject which seems to ha%c retened little attention Thcrtfoie m the first 
instance, we ha\o carried out cxpciiments to sludt (he effects of hypei -immuniza- 
tion with \ indent cultures m rabbits, animals highlj susceptible to experimental 
infection with plague and to estimate the potency of the immune rabbit serum in 
experiinentnlh infected rabbits The resultsof these expeiiments which are detailed 
in Tables YI to XVIT showed that (n) rabbits withstand repeated injections with 
Mnilont cultures at weekl) inter\als o\er a prolonged period of time, namely, two 
years [b) during this long course of ticatmeiit with cultuics, most of the animals 
gam weight, while some de\elop joint affections and in a few cases paral3'sis of the 
hind limbs occurs, (e) animals which die during the course of immunization do not 
show on post-mortem examination the presence of plague bacilli cither in then 
blood or in the internal organs, although signs of recovered-plague are met with 
in some of the rabbits, (<7) labbits immunized b} the subcutaneous route yield sera 
of relatnel} low agglutinating titrc as comjiarccl with those immunized by the 
intravenous route, (c) the therapeutic results which attend the use of sera of rela- 
tively low agglutinating titre are less marked compared with those following the 
use of sera of high titrc, (/) when the serum is administered intravenously in a single 
dose of 1 to 2 c c after 48 to 72 hours of infection, the mortality among the infected 
rabbits is negligible, and {g) the agglutinating titrc of the serum used for thera- 
peutic use IS possibl)' one of the factors which determine the potency of the serum 
From these results it w ould appear that, for therapeutic use, a potent serum can be 
prepared m a susceptible animal But, m view of the fact that only very small 
amounts of sera can be obtained from immunized rabbits, the production of anti- 
plague serum from these animals can have no practical application m the treat- 
ment of human plague 



TiPatmeni wiaJJSiis erpenmenlally znfected with plague toitji semm ptepated by xwmumzaiion of rabbits, 
(Results of seven expenmenis earned out between 14-2-1927 and 14-10-1927 ) 


1270 Pi e'pu'} aUon of a Potent Anti-Plaque Semm in India 



\ 




o 


QD 


CO 


4^ 


rTS 


c5 

P? 












1700 


B P B Nauhi, B Junq and K H Kamalala 


1271 



iVolc — I = Intravenously, S = Subcutaneously *= scrnni of comparatively low agglutiimtuig titro (1 1600 to 1 4000) 

BeauU — Not a single animal died, when the treatment with serum was commenced within a few mmutes of infection a doso of 2 c c 
intravenously along ii ith 5 o e subeutanconsly scomod enough to save the life of the ammal , repeated doses of serum and 
in quantities given had no adverse effect on the life of the animal These ammals were under observation for a period of 
30 days from the date of infection, and all survived 



Treatment m labbits expenmentally infected with plague with seiitm prepared by immunization of rabbits 
[Results of seven experiments earned out between 14 - 2-1927 and 14 - 10-1927 ) 

Fiest seeies 
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yo/e — T = Intravenously S — SubcutaneCrasly * = serum of comparatively low agglutinating titre D ~ Died and when the spleen 
y as passaged into a rat it also died of plague , d = died, but the passage rat survived for 16 days from the date of passage 
Hesitlh — ^Even uben the treatment was commenced after 120 hours and IM hours of infection a single dose of 2 o o of serum of high 
agglutinating titre protected the animal from death These treated animals were under observation for a period of 30 days 
from the date of infection and there was no mortality among the survivors 
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it died itliin 15 days of infiction 


Treatment tv ,,'bbiU cxpenmentalhj infected with ‘plague 'With seiuvi piepaied by immunization of labhits 
{Results of thee expenments earned out between 23-1-1928 and 14-4-1928 ) 
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JlesiiU All the BxiJioiil^ Bumred tha ^n^eGUon even when the dosG oi serum was only lee givea lafrrarenousZy These ammala were 
uuder ohsetvfttiou for a penod of 30 days and noriG died during this period 

































Treatment tn uihhils rxpp) iMOitaJI)/ ivfecled with plagve until soum piejM'ied by tmmumzahon of labbits 
{Bos.idts of tJoep expenments earned orit behoeen 23-1-1928 aiid I4:-4:-l928 ) 
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^CS?(ZJ — AU the ammnls sxirrived tlio infection , a single dose of 1 c c injected intravenously seemed sufficient to protect the animals 
from deatli , these animals Mere under ohsctvntion for a period of 60 dnjs and none died during this interval 
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BesuU —Out of the 18 ammiils m -tthom titiitmciit ut? coniuiLnccd after 72 hours of Mifcttion, si\ died uitli a mortiilitv percentage of 83 3 , 
as to the shortage of serum both t)io higfilr agglutinating «erum and one of eoinparati\eI\ lou agglutinating titro ■uere 
employed 

D* — This animal died of eomplications The sur\i\ors wore iiiidtr obsorrntion for 00 dajs after infection nithout anj further deaths 
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Table XX 


Rats heated by subcutaneous infection of anti-plague serum after 24 hours of 

expenmental infection with plague. 

Therapeutic dose op serum — 1 c c 







Sheep No 14 

Serum 

Agglutmation 

1- 

-64 



Dates of ! 

Experiments 

Rats 

used 







Daily mortality 







1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10-6-29 

26 

0 

2 

■ 

B 


6 

3 

2 

1 

0 

4 

0 

0 

1 

0 

21-6-29 

25 

0 

0 

0 

2 

1 

2 

3 

1 

3 

3 

B 

0 

2 

2 

1 

10-7-29 

25 

0 


0 

6 

1 

2 

2 

2 

2 

3 

B 

0 

0 

2 

1 

19-7-29 

25 

B 


0 


1 

5 

1 

0 

0 

7 

1 

4 

3 

1 

0 


Mortality 43 per cent Total mortality 

89 per cent 










Pasteur Institute Serum Agglutination Nil 



Dates of 
Experiments 

1 

Rats 

used 







Daily mortality 






i 

1 

2 

3 

4 

6 

1 

6 

■ 

1 

1 ^ 

9 

1 

11 

12 

13 

14 

15 

10-6-29 ! 

i 

1 

25 1 

0 

1 

2 

11 

! 

5 

4 

0 

IB 

0 



0 

0 

0 

0 

21-6-29 

25 

0 

0 

4 


2 

0 

3 

B 

2 


1 

0 

0 

0 

0 

10-7-29 

25 

0 

0 

3 

1 

9 

3 

B 

4 

0 

2 

1 


0 

0 

0 

0 

19-7-29 

i 

25 

i 

1 

0 

1 

1 

3 

9 

1 

5 

1 ; 

i 

0 

0 

1 

0 

0 

0 

0 


Mortality 83 per cent Total mortality 

93 

per cent. 













Controls 







Dates of 
Expenments 

1 Rats 
used j 







Daily mortality 








1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10-6-29 1 

25 

0 


7 

10 

3 

1 

0 

0 

0 

0 

0 

1 

0 

0 


21 -6-29 

25 



12 

5 

5 

0 

0 

2 

0 

0 

0 

0 

0 

0 


10-7-29 

25 



12 

9 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

19-7-29 

1 

25 



8 

11 

4 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 


Mortality 90 per cent Total mortality 94 per cent 
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Rais treated hr/ suhriitancoifc junction of anti-plaqi/c set inn after 24 hows 
of crpcnmi ntal lufLCtion v ith plague 

Tlionijicutic (lose of scrum 2 c c 







Shuji No 

n 

Si nun AeLliitiimtioii 

1-Gl 




Ditos of 
rxjicrmunts 

15 its 

U fll 







OiiK inortnlite 







I 

1 

} 

•! 

t 


6 ! 

1 1 

1 7 S 0 

1 

10 

11 

.->i 

13 

14 

16 

2G-C-20 

25 

0 

I 

I ' 

i 

(I 

I I 

I 

i 

1 1 \ ^ 

1 

1 

0 

5 

1 

1 

2 

29-6-20 

25 

0 i 

0 

I 

n 

I ’ 

> 

1 2 2 j 


"> j 

1 

1 

1 1 

1 

30-7-20 

25 

0 

1 

0 

" 

l I 

I 0 

1 

1 2 2 

1 

ll 

"> 

1 

2 

1 

G-S-29 

25 

0 1 

1 

0 i 

I 

I 0 

0 I 

I 

t 

> 

1 2 t 

J 

1 

! 

0 

1 


0 


JTi>crtint Totil inort ihu 70jicrci.nl 


I’nsuur Institnlo ''iruni A.Elutiimtion NJ 

of Pit-, mort-iliU 

Lxjxinmcnti u=c(l 




li 

1 

1 

1 

1 

. 1 
> j 

'■ 

7 

! s 

1 

') 

^ 10 

11 

1 

12 

1 

13 j 

14 

15 

1 

1 

2G-G-29 

“1 

25 

0 

0 

! 

lit 

1 

1 

t 

1 

2 ] 

j 

1 

1 

0 

0 

0 

1 

1 

0 

0 

0 

29-6-29 

25 

0 

0 

} 

I 

1 

> 

1 

t 

0 

0 

0 

2 

0 

0 

0 

30-7-29 

25 

0 

0 

1 

s 

> 

> 

1 ' 

1 

1 

1 


1 

0 

0 

0 

0 

G-S-29 

25 

0 

0 

o 

s 

0 

i 

0 ' 


0 

0 

0 

0 

0 

1 

0 

0 


Mortnlil\ 72 jv r tent Totrl mortnliti, 85 per cent 


j Controls 

Date of ’Pats Dailj mortality 

Experiments , used 

> I I I I I 


1 

i 

5 

4 

5 1 

1 

c 

1 

7 ' 

1 

8 

: 9 

10 

1 

1 

i n 

1 

12 

13 

14 

16 

2G-C-29 

25 

0 

0 

8 

13 

1 

2 

1 ' 

! 0 

0 

1 

0 1 

0 

' 1 

0 

0 

I 

' 0 

0 

29-C-29 

25 

1 

0 

1 

1 

C 

7 

1 

1 

1 

1 ' 

1 


0 

0 

0 

0 

30-7-29 

1 25 

0 

0 

11 

1 

8 

1 

0 

0 

0 

0 1 

0 

1 

0 1 

1 

0 

0 

0 

0 

G-8-29 

25 

0 

1 

4 

1 

11 

0 

1 

0 

0 

0 


1 

0 

0 

0 

0 


Jlortality 91 per’eont Total rnortahty 96 per cent 
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Table XXII 


Rais Iteaied by suhcuianeous tnjeciion of anii-plague sown after 24 hows 
of expel imenkd infection with plague 

Therapeutic dose of serum 3 c c 


Dates of 


Rats 


Sheep Nos 14 and 20 Serum Agglutmation titro 1 — 64 
Daily mortality 


Experiments used 


• 1 

! 

1 

1 . 

2 j 

3 

4 

! 5 

j 6 

i ’ 

8 

9 

jlO 

1 11 

12 

13 

1 14 

15 

14-8-29 

25 ! 

1 1 

0 

m 

2 

1 


1 

; 1 

1 

1 


1 


i 

3 

B 

B 

0 

11-9-29 i 

25 1 

0 

1 1 
j 

2 

1 

1 

1 

5 

4 

0 


1 


2 

1 

1 

0 

0 

17-9-29 

] 

25 ! 

0 

I 

0 

D 

1 

0 

1 

0 

5 

1 


1 

0 

2 

1 

1 

24-9-29 

25 

0 

2 

3 


2 

1 

1 

0 



B 

1 

1 1 

i 

3 

1 

i 0 

0 


Mortality 

12 

pel 

cent 

Total 

mortality 

80 

per 

cent. 






1 


Pasteur Institute ' 

Serim Agglutination 

titro 

Nil 



Dates of 

Rats 







Daily mortaliti 






Evperiraents 

used 

















1 

2 

3 

1 4 

1 

1 

6 

1 

8 

9 


11 

12 

13 

14 

15 

14-8-29 

25 

0 

0 

3 

8 

9 

2 


1 

1 

! 

1 


0 

0 

0 

0 

11 ->'-29 

25 


1 

2 


5 

3 

2 

2 


1 

0 

1 


0 

0 

17-9-29 

25 



4 

8 

fa 

6 

0 


0 

0 


0 


0 

0 

24-9-29 

25 

1 


4 

3 


3 

2 

1 ^ 

1 

o 

1 3 
) 

1 


0 

0 


Mortality 77 pci cent Total mortality 93 per cent 



i 







Controls 








\ Dates of 
'v\periments 

Rats 

used 






Dailj mortality 







\ 

i 

1 

1 

2 

j 

1 

3 

4 

^1 

6 

i 

7 

8 

i 

9 

1 

11 

12 

13 

14 j 

1 

1 '5 

14-8-29 

25 

0 

0 

12 

I 

10 

O 

0 

1 

0 

0 

! 0 

0 

0 

0 ; 

1 

0 

0 

11-9-29 

25 

0 

1 

13 

9 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

17-0-20 

\ 

25 

i 0 ^ 

0 

13 

9 

1 

0 

0 

1 

0 

1 

0 ! 

0 

0 

0 ’ 

0 

0 

24-9-29 \ 

' 25 

0 

0 

9 

11 

4 

0 

1 i 

0 

1 

0 

0 

0 

0 ^ 

1 

0 

1 

0 

0 


^Moitahty 97 per cent Total mortality 98 per cent 
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Immu\i/ati(»n oi still I r and calves 
Wo Ii'uo iIro'i(l\ roforrt'tl to sdnu' of llio coiimdcntioDs ^\]nch lodiisto hope 
for fho ])rnd\i( 1ii>n of i ]>o<on< serum in sJutp nml ctKcs Foi this puiposo we 
hcj:nn vith llio imiminir limii of sli,op willi \iriilent oiiltmcs, tlic injections v ere 
nil fin on intrn\ nioiish und i1 \\o(Kl\ iii1(i\nls, we hognn \\ itli a er}^ small doses 
of Inc oiiltiiro inmoh 0 J") oo of i hroth ciilliiro of 18 hours or vith one- 
twoiilielh of in ninr slojio of IS hours growlh ind Nor) gradinllv increased the 
doses until we roadud a dose of ‘ifi mir (iiltiiros for an injection AVe also 
cNaininod the apgluliinting litre of tli< si rum of aninnls under imimimzation 
at iiitorv ils of 10 to 12 wooKs Rtfon tin oommoncomont of injections, the sera 
were tested for tlnir igglutinition iiid none of ihem had anv agglutinating 
properl\ c\en in i dilution of om in two rontran to our e\pcctation, ve 
lost a \cr\ larg( numher of inim iK during the eoiirsc of iniinumzation , for, 
out of a tot il of 21 sheeji 1 dn d within 8 weeks of the commencement of 
injections nine within .I months 1 within 7 months and 2 within 11 months 
During the course of imiuuiiiz itum the wickh injections liad often to be put off 
because of the illness ind disibbd (ondition of the animals following on each 
injection there w is i rise of temjuiatiire which lasted fiom 21 to 48 hours, 
during this pi nod (hi aniin iI w is dull ind off its feed , in some this was followed 
bv diarrhoea and joint swellings il! the inimals under treatment began to lose 
weight B\ Ajiril ]<i2d we h id onh three animals left , of these, one rcccued m 
all DO injection^ another 11 injictions and the third 15 injections Following 
on the repeated injeitions of cultures the agglutinating titrc of the serum 
gradualh rose between 1 in 01 and 1 m 128 (water clear) W’c now bled the 
animals and estimated thnr therapeutic \nlue in e\pcrinicntally infected 
Madras rats along with Pisteiir Institute’s anti-jdaguc scrum for comparison 
with adequate controls The results ire detailed in Tables XVIII to XXII , from 
these it would appear that the seium prepared from sheep is more potent 
than that of the P is(tur Institute , the dilTerencp in the mortality rate follow- 
ing the use of the two sen is brought out clearly at the end of the first week 
of infection In which time almost all the controls haae succumbed But, in 
\iew of the \er\ lieaay mortalita among sheep duiing the course of immuniza- 
tion, we next proceeded to immuni/e calves and to study the potency of 
calf’s serum in expenmentally infected animals 

Before undertaking the hyper-immunization with virulent cultures it is neces- 
sarj , in the first instance, to stud> the results of infection in calves both by the 
subcutaneous and bv the intrai enoiis route Hamiorrhagic septieiemia in bovines 
isusiiall} an acute and generalized infection attended with high mortality whereas 
bo\nne 1} mphangitis is but a chronic and localized infection of the lymphatic 
glands and is rarclv fatal In both these diseases, the causatii e organisms are 
members of the pasteurella gioiip clcsely allied to B pcstism their moiphological 
and cultural characters In bovine lymphangitis, Sheather (29) lepiodiiced identi- 
cal lesions in hill bulls and plains cah es bi the subcutaneous injection of the pus or 



1294 Pre'pai aUon of a PoteM Anti-Plague Seium in India 

oiganisms isolated from tlie pus from cases of tins disease Krislinamurti (30) not 
only confirmed tfie results of Slieatfier but in a personal communication claims that 
his expeiiments have established the close relationship of the organism of bovine 
lymphangitis with that of B peshs "We carried out a comparative experiment in 
two calves, 18 months old and weighing about 300 lbs , by injecting virulent cultures 
of plague, both by the subcutaneous and by the intravenous route The subcuta- 
neous injection of two agai slopes on the right side of the neck produced in one 
animal a rise of temperature to 105 5°F within 24 hours of infection, attended 
with a painful swelling measuring 4" by 2" along with enlargement of the presca- 
pular gland , the sv elling gradually increased in size and by the eighth day it 
resulted in an open sore , on the fourteenth day, when the swelling became consi- 
derably less and the sore began to heal, ue lepeated the subcutaneous injection of 
eight agar slopes on the left side of the neck, again the temperature rose to 103 8°F 
(the normal being 100° to 101°F ) attended with a swelling measuring 8" by 4" and 
enlargement of the piescapular gland on that side and the animal was ofi its feed 
for 2 days following the injection The other animal was given an intravenous 
injection of 0 2 of an agar slope , the injection was iollov ed by a rise of temperature 
to 105°F within 48 hours of infection which persisted as an irregular fever with a 
maximum tempera tuie of 106 8°F on the 4th and 5th days of inoculation followed 
by a gradual fall to normal A second dose of 0 2 of an agar slope was given intra- 
venously on the 8th day , this dose did not seem to produce any marked reaction 
and the animal seemed bright , a third injection of 0 5 of an agar slope gave rise 
to a temperature of 105° F at the end of 24 hours which fell to normal after 48 hours 
of fever vithout any visible ill-efiects We then proceeded to immunize these two 
animals at weekly intervals with increasing doses of the culture In the case of 
the first animal, the infecting dose was rapidly increased , beginning with 10 agar 
slopes, each subsequent dose was increased by five agar slopes , and in the other 
animal the doses were increased at first by one agar slope only In the first animal 
the reaction following each injection was pronounced and the temperature persisted 
for 48 hours before reaching normal In the second animal the injections were 
attended vith only a slight rise of temperature, namely, one degree above normal, 
and this lasted for a period of 12 hours The first animal following on its 7th 
injection of a dose of 40 agar slopes showed very marked reaction attended with 
signs of dyspnoea lasting for a short time After this, following every injection 
of 40 or 50 agar slopes there uasaiiseof temperature between 105° and 106°F 
V 'flun 12 hours of injection and lasting for 36 hours with increasing dyspnoea , and 
oji t ^ night of the 1 1th intravenous injection with a dose of 50 agar slopes, the am- 
mal collapsed and died struggling for breath Post-mortem examination showed 
that in ^he region of the neck where the injection was made, there was a blood- 
stained gmtinous oedema which extended to both sides of the neck , there was also 
infiltrationVf tissues surrounding the veins The right prescapular gland was en- 
larged to th^ize of a u alnut and on section it showed a thick capsule enclosing pus 
without any ^ndular material On opening the thorax, there was a large amount 
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TAin.r XXIII 


Susccplibjht^l of rahhts to Erpcnmcnta] Infection with ma Test Dose, namely, 
0 003 ing of Spleen of a lat died of Plague 


No of ' 
Veir rxpcri ' 


Dins after Infection 


nicnls )grnmnio-< ^ ^ j (, 7 g 1 0 10 11 12 13 14 16 


1020 


1927 


10 


2350 

2170 

2100 

•2'i';0 

2100 

2130 

2480 

•2670 

1770 

1030 

1700 

•1110 

1770 

1400 

1C50 

*1820 

1810 

1550 

*1450 

•1970 

2000 

1420 

2080 

1500 


1 ) 


I) 

1) 


1 ) 


(1 I 

I 

I 

i 1 

D 

D 

D 

D 


<1 

I) 

1) 


1 ) 


D 


D 


D 


— D = Died and when the spleen was passaged into a rnt, it also died of plague 
d = died, but the passage rat survived for 16 days from the date of infection , * = The 
animal survived during the 16 da3s of infection 
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Table XXIII — conoid 


No of Weight 
Year Nxpen in 

ments jn-ammes 


Days after Infection 


5 6 


14 15 


Note — D = '^ed and when the spleen was passaged into a rat, it also died of piagne , 
d = died, but th\ passage rat survived for IB days from the date of infection , * = Th® 
animal survived duriW the 16 days of infection 








Table XXV 1299 
A)}ti-2Jl(t</iie Soum TicaUncnt Ex^ 
Treatment commenced after 72 
Scrum 2 c c administered intraveno' 









f)€nments on Rabbits 
hours of infection 
<'is}y on 3 consecutive days 



Seram 
valid tdl 


CoiiTROL 

EAT 


Usea Dead 



Do 10 9 


Do 10 8 
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V VTJT VTIO\S IN' BLOOD OBOUPING 


IIY 

Ltutt-Coi W F irAB\'BY, IMS {Held ) 

(Prow till. Central Jic^carcli Jni>ti(utt, KnsauU, India, and the lioijal College of 
PJiijsiaan’i Laboratorij, Edinburgh ) 


[ r!''f'Pivot1 for pnWicotion Vnromlx'r IS l''20 ] 

A fnour 1 {T‘in‘'lv\) 'jf md ird '-0111111 wine It is di'fniod ns one apolntinnting the 
en Uirocx fes of groujis J ’> ind 1 ill it is of ill 0II101 gionps i \ccpt its oMii gionp, is 
found, sn\ nol to n'jnlntin ito tin ei\ 11 iroi\lesof 1 jiniticiilnr indn idual Itisthen 
judged (lint tins indnidiinl is 1 oionji I iiuliMdinl without fuitliei testing bj’’ other 
such non ng^lutlnntlng gioii]) 1 -i 1 i In the oidinaiv wav of testing blood the two 
stniidnrd son of groups 2 iiid 5 m iisid with which (hen it is oiiL possible foi 
one of (ho lecijitod 1 gioiijis to t ineigo Thai the jindings aie not absolute is 
indicated b\ iiisisioneo foi jniijiosis of blood transfusion upon always testing 
the blood of the donor igiinst ihit of the recipient In the woik heie set out I 
began with iin estigating the posmbilits of obt lining inoie than the 4 standaid 
blood groups liN trsting i uh induiduals seiuiu and euthiocytes against o\eiy 
otlioi It was not long bofou ■) distinct gioups enn 1 god One then lealircd what 
the lengtliinoss of the jirocedure would be if earned to a conclusion with eacii a 
small group of indu iduals especi ill\ as the work w is to be conibmcd wnth an esti- 
mate of degree of iggliitiiiation 111 eich case According! v I restricted myself to 
the determination of \ anation 111 degree of agglutination and the mteiactioii of 
sera and or\ throe} tes of "18 induiduals with the sera and erythrocytes of the 
o groups alrcad} -obtained 

TrciiMQcr — The time of oilmen nlion wns restricted to lo mmutes and tho greatest dilution of 
'=enim to 1 m 10 using such a sliort interinl of time as 15 minutes there was no possibilitj of 
intstakmg simplo sedimentation for agglutination \ggIutination was taken as positive when 
clumping was ciidcnt to naked eje ohscnation Continuous obscrialion could be cairied out and 
evaet times of agglutination noted because the water bath used was of glass and tho capdlary tubes 
containmg mixtures could be rend ii ttlii A change in tho groupmg hero gwen, particularly with 
some of tlie doubtful casts, might lia\t been found with greater duration of testing, but any technique 
adopted, whether it involves short or long periods of observation, must be arbitrary in character 
The results are presented, witli tlie conditioning here laid down As the tccliniquo was not that of 
agglutmntion procedure usually carried out, whether for bacteria or for blood grouping, I give its 
detail step by step — 

(I ) Take blood from tho indiv idunls under test with a pipette on the dav before application of the 
test About 2 c c blood can easUy be collected by bandaging, constricting, massaging and rebandai^in" 

( 1807 ) 
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one or more fingers (2) Add some of this blood from tlic first taken up portion to a iratch glass from 
which an assistant takes up 200 c mm with tented graduated capillaiy pipette and adds itto28cc 
1 5 per cent citiated normal salt solution, to make a o jitr cent test erythrocyte suspension (3) Place 
the remainder of the blood as it is obtained, m a small test tube, ki pt nearly but not quite lionrontal 
so that the blood is disti ibuted in a sloped layer (4) “Mloiv the blood to clot firmly m this sloped 
position and gam firm atlaehment to the glass (5) Set the small test tube up vertically when the 
blood IS fii mlv attached (6) Place these test tubes and the citrated crj'throcyte suspension in the ice 
chest, to remain o\eriiight (7) Ha\e in readiness, next day, for the testa glass water bath at 37°C , 
vaccine capillary tubes, plasticine, vhite porcelain slabs nith depressions, teated capillary pijiettes, 
watch glasses and an electric bulb behind the natcr bath to throw a strong beam into it (8) Place 
one drop of normal salt solution from a tented pipette into 3 successue depiessions of a porcelain slab, 
leaving the fiist depression w itliout any salt solution (9) Reject the remainder of the salt solution in 
the pipette and get rid of residual fluid by compressing and relaxing the teat, while the end of the 
pipette IS pressed upon filtei paper (10) Take up, with the same pipette, a quantum of testing serum 
from one of the tubes of blood to be tested (11) Let fall one diop of serum mto No 1 depression, 
containing no salt solution and another into No 2 depression which already contains one drop of salt 
solution (12) Reject the serum not required , wash out the pipette in normal salt solution and dry 
on blotting papei (13) Mix serum and salt solution in No 2 depression and take up n quantum of 
the mixture w ith the pipette (14) Let fall one drop of this mixture into No 3 depression and return 
the remainder to No 2 depression Wash out and div pipette ns befoie (15) Mix serum dilution and 
salt solution in No 3 depression (16) Transfei one drop of this new mixtuie to No 4 depression and 
return the residue to No 3 depression Mash out and dr\ pipette ns before (17) Take up in the 
pipette a quantum of well mixed test erythrocyte suspension (18) Let fall 2 drops into No 4 depres 
Sion and in succession one drop into Nos 3, 2 and 1 depressions (19) Reject the remamdei of the 
erythrocyte suspension in the pipette (20) Mix well the contents of each depression, beginnmg with 
No 4 and wmrking up to No 1 (21) Take up from No 1 a sample of the mixture of serum and test 

eiythrooytes in a vaccine capillaiy tube (22) Givm the column a tilt upwards in the tube, plunge 
the end of the tube into a cylinder of plasticine and w ithdrair it quickly', by which raanceime the end is 
plugged (23) Place the capillary thus sealed m the water bath with its upper open end above the 
surface of the water and note the time (24) Do likewise ns lapidly as possible, with the mixtures m 
Nos 2, 3 and 4 depressions and place in the water bath alongside the first (25) Watch for the 
occurrence of agglutination in the capillary tubes and record the time of its occurrence 

(26) Remove the tubes after 16 minutes and record final results of agglutmation and dilution 

(27) Place the capillary tubes upright m a layei of plasticine (28) Keep overnight in ice chest and 
read again, after inverting the tubes 

The points which are noteworthy in the technique are — 

(1) The use of capillary vaccine tubes , (2) the use of the drop as unit of 
volume , (3) the saving of time which is thereby effected in setting up dilutions , 
(4) tbe leturn of the residue in pipette to its mixture after the unit of volume has 
been subtracted from it , (5) the use of plasticine to close tbe capillary tubes , 

(6) the continuous observation of tbe reagent mixtures in a glass water bath , and 

(7) the employment of a time unit as measure of degree of reaction 

Kesults 

The five groups which emerged from the testing of each individual against 
each to begin yvith are numbered 1, 2, 3, 4 and 5 , they are not intended, so far as 
these numbers go, to correspond with the Moss or Jansky groups In column I are 
exhibited the results of testing the sera of these 5 individuals against the erythrocyte 
suspensions of a series of 58 individuals, while in column II are shown the results 
of tests of the sera of the same 58 individuals against tlie erythrocytes of the selected 



ir F Hai vei/ 


1309 


fnc The proiipinj: rc'^nltinc from <]io douhlo test is gnen in colninii III Time 
(o ngglutimtion is gnui <lll^^ for (he Inglicst dilution of scrum in mIucIi it 
occurred llius 1() fi nu ins (]v it igcliitinution occurred in G minutes, iihilc a 
sniiple 0 nusns tint no itiglutin vtion i\ is slioiin by c\ on .1 tii ofold dilution in 
lonimutcs and of eour'-e none with am gn.itd dilution within this time As has 
alrcidl been jioiiited out the nstirdi after the five onginal gioiips had been 
sorted out, n ‘•oK ed it'^df into 1 deiiiondntion of deijiec of \aiiability of 
sggluiiii ition onh 'llii*' is di monst rated iiid suggests the conclusion that 
grouping might on this bisis ilom , gue 1 more \ lined subdivision than even 
the fnc groups with which I s( iitid The smie t\ ])c of conclusion is reached by 
others who ha\e dneoNcied siiligroiips to the main blood groups A similar 
jiidginent his lit en gnen b\ Owe 11 who deals with the possibility of the 

nidcfmitc cxtnision of the mmibirs of blood groups ind with the time factor in 
agglutination 

Conclusions 

1 1 ne blood groups h n< eiiurged b^ testing the blood of a limited number 
of indn idiiai strictli ig uiist o\ er\ other mste i<l of bv means of a standard serum 
There is then 1 ])os-.ibiIit\ that still moregrou))s might be obtained if this method 
of testing wore cirrud out 

2 The gr idation of iggliitm itum found within the groups, ns judged by using 
a time unit as imasiin jiomls to the ])ossibili(j of one group merging into mother 
and to the possible existence of \ariaiil mdnidiials of whom it cannot be said 
positnel} whether tliei belong to one or other of the selected gioiips or to a new 
group 

I'abli 

Showing blood grouping and drgicc'i of agglulination itith time as the 

unit of measure 


I I ir m 

1 r\tlirocjtcs of auluidimls ' Sorn of auluidinls Group 
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Yanatwns m Bhocl Gooupmg 
Table — contd 




I 







II 



in 


Eiythrocytes of individuals 




Sera of individuals 


Group 


1 

2 

! 3 

1 

4 

5 


1 

' 2 

3 

i 4 

5 


f 

7 

16 7 

1610 

16 6 

0 

815 




0 

■ 

• 0 

B 

4 


8 

1010 

8 15 

1612 

0 

412 



0 

0 



H 

4 


9 

16 4 

16 6 

16 2 

0 

8 15 

1 




B 



4 


10 

0 

0 

0 

0 

■■ 

1 

1 

2 15 

0 

16 8 

1615 

0 

2 


11 

16 15 

2 10 

16 9 

0 

0 



0 

16 10 

410 

0 

5 


12 

16 2 

2 12 

16 6 

0 

0 

1 

1 


0 

16 5 

8 12 

0 

5 


13 

86 

2 12 

10 6 

0 




0 

103 

89 

0 

5 


14 

8 13 

46 

22 

0 

4 12 

t 

i 


0 

0 

0 

0 

4 


15 

4 15 

0 

4 15 

0 

0 

1 

2 35 

0 

10 3 

10 8 

j 

0 

2 


10 

47 

0 

4 10 

0 


l' 

1 

2 15 

0 

10 10 

16 15 

0 

2 


17 

10 12 

S7 

10 11 


16 12 

1 


0 

0 

0 

0 

4 


18 

8 14 

0 

12 

0 

0 


2 0 

0 

10 2 

16 3 

0 

5 

, 1 i(i 

10 10 

0 

10 15 

0 

0 

o 



0 

10 3 

10 15 

0 

5 

1 20 

1 

0 

10 3 

1 

0 

0 

10 6 

4^ 

> 

O 

o 



0 

0 

10 5 

84 

3 

21 

8 15 

0 

8 10 ' 


0 

5 ' 
h 


2 15 

0 

10 4 

10 12 

0 

5 

22 

10 0 

0 

10 12 ' 

' 


0 

u 


2 15 

0 

10 4 

16 13 

0 

6 

21 

48 

0 

8 10 ^ 





0 

16 4 

16 15 

0 

6 

,|24 

8 15 

0 

8 10 

0 


> 

1 

0 

0 

16 5 

8 10 

0 

6 

j 1 25 

1610 

2 15 

: 

16 12 ' 

0 


1 

1 

■ 

0 

10 4 

8 10 

0 

6 

1 

26 

0 

16 8 

0 

0 

16 6 

1 

1 


0 

0 

1610 

16 12 

3 


27 

1011 

0 

810 

0 


1 

■ 


16 8 

46 

0 

6 

2b 

0 

10 7 

0 

0 

10 12 

1 

0 

o| 

0 

10 7 

816 

3 

29 

45 

0 

4 12 

0 



0 

0 

1610 

8 15 1 

0 

2 

j f 30 

4 12 

0 

4 15 

t 

0 




0 

16 8 

816 1 

0 

2 

31 

t 

88 

0 

10 15 

0 


1 

1 


0 

16 5 

811 

0 

5 

12 

10 4 

10 8 

16 9 

0 





0 

0 

0 

0 

4 

33 

0 

0 

0 

0 


1 



0 

16 8 

16 10 

416 

2 

V 34 , 

16 4 

16 10 

16 3 

0 

16 10 

1 



II 


0 

!■ 

4 


i 
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T \iii ) — coucUI 




1 







ir 



in 

1 r\thror\(c'i of indivnlnnt 




‘•era 

of nuli\idimlfi 


Group 


1 

> 

1 

I 

*» 


! 

j 

1 

1 

5 


r. 

Ui 5 

10 10 

li) ir. 

0 

10 11 

< 

0 

~l 

0 

0 

0 

0 i 

4 

U. 

0 

1 0 

0 

0 

1 10 


0 

0 

0 

10 1 

10 15 , 

3 

17 

0 

0 

0 

0 

0 


0 

0 

0 

10 7 

8 J 

1 

A 

1 

1 10 

0 

2 5 

0 

0 


2 15 

0 

10 5 

1 15 

0 


’ .‘t 

1 

!(. 2 

lO 15 

I(. 2 

0 

1 8 


0 

0 

0 

0 

0 

4 

10 

U. 5 

10 10 

1(. 7 

0 

S 15 


0 

0 

0 

0 

0 , 

4 

u 

K. 15 

1 10 

u. 10 

0 

S 15 


0 

0 

0 

0 1 

0 1 

1 

, 

0 

10 10 

0 

0 

10 '• 


0 

0 

0 

10 U 

GO 

J 

i 

10 7 

0 

Ki 0 

0 

0 


1 12 

0 

10 5 1 

S 7 

0 

5 

41 1 

1 

10 1 

10 1 

K. 5 

0 

10 10 


0 

0 

t 

0 [ 

0 

0 

1 


10 10 

( 

0 

107 

0 

0 

f 

0 

0 

10 1 

8 1 

0 

0 


10 7 

1 

\) 

lo7 

0 

0 

O 

o 

I 15 

0 ' 

loo 

10 15 

0 

5 

1 






O ^ 







' 17 

1 

1 15 

0 

s 15 

0 

0 

»» 

27 

0 

10 u 

10 12 

0 

5 

I 18 

S 10 

0 

1 

8 12 

0 

0 


28 

0 

1012 

811 

0 

6 

^ 19 , 

10 5 

1 15 

10 S 

0 1 

0 


215 ' 

0 

10 8 

112 

0 

5 

I 

i 50 1 

1 10 

S 1 1 

1 1 1 

0 

S 10 


0 , 

0 

0 

0 

0 

4 

51 1 

1 

0 

S 15 * 

■ 

0 

0 

1 ') 


0 

0 

0 

ICO 

10 12 

3 


IGIO 

1 

0 

10 12 

0 

0 


48 

0 

10 8 

10 15 

0 

5 

=■>1 

IG 10 

( 

1C 8 

1(.7 

0 

8 5 


0 

0 

0 

0 

0 

4 

51 

1 

1., 

10 7 

108 

0 

10 8 


0 

0 

0 

0 

0 

4 

55 

0 

0 

0 

0 

0 

1 

1 

2 0 

0 

10 10 

8 10 

0 

2 

50 

10 11 

1 10 

10 5 

t 



' 

2 8 

0 

10 12 

85 


5 

57 

10 0 

2 15 

1 

10 12 1 

0 

0 


0 

0 

10 10 

8 15 

1 ° 

5 

1 ’its 

0 

88 

0 

0 

8 10 

V 

0 

0 

0 

10 5 

1 

j 10 10 

1 d 
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SOME OBSERVA'PIOXS OX MM IE ULTRA-VIOLE'P INTENSITY 

IN CALCUTTA 


IIY 

\ T 'MUKIILR.TI, ^i'=( , T C BOVJ), i ic, B K BOSE, ai sc 
{DipaTtwoil of Clicinictn/, Mahcal CoIUgc, Calcutta) 

I lUccivul fo' juiblirifion \o\(inbcr JO, lOJO J 

For nil pncticil llio iiltri Mold region of t]\o spectrum nny be said 

to commence a< about OH»(i \n" units T<> determine the actual evtent m tbe 
solar sjicctriim m Cdciitt i we c irru d emt ob‘-cr\ alions using a Ililgcr quartz spectro- 
graph and Ilford p inchrom itic plites One of these exposures showing a copper 
spectrum m jiixtajiusition is shown m I’l itc LXX\II, fig 1 

It will Ik seen that to obt im the ictual limitation is extremelj difficult but 
it maa be considered to extend to about 2 950 AC 

Our next step was to selce t i method suitable for the measuiemciit of the ultra- 
Molct intcnsila and we decided to adopt the method described In Leonard Hill 
in the 7/mcct (1921, 1, 715) This consists of determining the degree of bleaching 
of an iqueous acetone solution of methalene blue Lnfortunatch", howeaer, on 
correlating some of our results we found niaiia discrepancies These on further 
niacstigation ippeared to be due to aaiiations caused ba diffcient brands of acetone 
lie aaerc thus forced to abandon this method and the icsults obtained IVc next 
turned our attention to tlic Anderson Bobinson oxalic acid uranyl sulphate ultra- 
aiolet radiometer (Jour /I JKcr CJirui iSoc , 19‘25, 47, 718) This in piinciple depends 
on the photo chemical decomposition of oxalic acid sensitized by uranyl sulphate 
The actual solution used consisted of exactly G 3 grammes of pure oxalic acid and 
4 2 grammes of uranyl suliihate, dissoh'cd in one litre of distilled aaater Ten c c 
of this solution aaerc exposed in quartz and glass test tubes of the folloaamg 
dimensions — 

Quartz tube Internal diameter = 1 87 cm , height of solution = 419 cm , 
approxmiatc surface = 27 3 sq cm or 4 23 sq inches 

Glass tube Internal diametei = 1 86 cm , height of solution = 42 cm , 
approximate surface = 27 2 sq cm or 4 23 sq inches 

( 1313 ) 
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The '^oi\iluMis wore Mih'^equcntix titrated A\itli 0 ] N potabsiuin permanganate 
eolation iiid the hmiU i \pn“"-cd le niilliin mis of o\alic icid decomposed The 
let 11 il ahsorption oar\ i of the in nn 1 oxalic u id ‘'olntion obtained by using a Hilger 
rntatimr di'( eector jdiotonii ti i is gi\ni (I’lite J^XXVII hg 2) 

The carve idit inn d iloeiK K-^iniblcs tint givdi b\ Gillam and jMoiton 
(T C I Xo\ I'lJT IP) ’I’ ) ainl is notui b\ tlniii tlicie is In no ineaiib a 
iiLglmibh alls irptioii ni the iijnin itld — ’.‘sO jijt baithci the ibo\c noihus 
found tint from to )ii r ( i nt of tin ih < omjKmtion (ccais with i lys on the 
loni; nave side of L’"! g/' iboat In pn <« nt with lavs on tin' long vv iv t side of 
28(» I'll while tin Kuioii 27<l - 'liti /(/( i((oaiits for ibont niotliei 20 ])ti cent 
These wavi leiiuths nid tin n (fbits iri xeiv imjioitint Inc insc accoidmg to 
Camberb itch s jiijni (Ihi/ Mxl hnn Jiilv 1*']1 2S Pi) vv ive lengths 310 to 
300/iphi\i jiiobiblv no (luinnil iction on the shm, while wuc lengths 290 
to };0 11,1 hivi pignnnt producing effects Hess* .dko notes tint 30D /'/< is 
\ erv mijiort lilt in tin' tre itnient ofiiehcts 

To show till' utail iivs ilisorlied bv the tisf tains i spLctiogiapli is giv'cn 
(Plitc LXWll lig ’.) in which V mves tin* ibsoijition of the glass test tube, B 
sjiovvs the absoijition of the (jiiiit/ t<st tain while C is the eoppei spectiiim 

In the above sp( ( tioe'r i]ih it nn\ In seen tint tin cjini t/ test tube Ins piactic- 
allv no ibs'jiption while ibsoijition ingiiis in tin glisstain about 530 /(/( and as the 
solution w is(\j)os,d ill snuiu'Iit in "Ins iinl ipiiit/ tubes the diffeience between 
the leuliims of tin two is i nnisuieof tin intensit} of tin legion fiom about 
'530 j!jt to 20*5 pji 

Before .letinllv woiKing vvitli tlnse tubes in sunlight we mule some obseivM- 
tions using a Ilanovn in eooli d ineicuiv v ipoai lamp woiking on a 220 DO 
carieiit Some of these cxjniinnnts nnv be cited as they biipply to some 
extent a link between the deeoniiiositioii of the ui iiivl sulphate oxalic acid solution 
and the rnigc of exjiosuii Inble to piodace an crvthema in clinical 2 nactice 

(1) Dibt nice* of tubes fioni l.iiiip = 12 inches , ciirient 3 amps , 10 c c of ina lyl 
oxalic acid bolution , sulfate exjioscd 13 7 sq cm oi 2 12 scj inches , time = 30 
minutes 

Quart/ tubes = 117 inilligi mis of oxalic acid decoinjiosed 
G1 iss tube = 11 do do do do 

Then foil tin ch eoiiqiosition due to lajs slnulei than 350 /(/( is equal to 7 3 
miiligiams of ox.die .icid 

(2) Usually, howevei, clinical exposures to the meiciuy vapoiu lainj) are given 
at a distance of tliiee feet Using this distance and werking with the lamii at 3 
ainpb , wc obtained the following lesults with the above mentioned tubes — 

Exjiosiue Glass tube Quartz tube 

5 minutes Xil Nil 

15 minutes Nil 0 3 mg 

30 minutes 0 G mg 16 mg 
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The findings agree approximately with those found in experiment (1), when 
calculated on the basis of the law of inverse squares The ml findings may possibly 
be accounted foi by supposing a period of induction for the reaction Cumber- 
batch {ibii ) describes the following clinical method of administenng ultra-violet 
treatment The patient, stripped except the genitalia, is exposed horizontally to 
the lamp suspended three feet above the middle of the body and a little to one 
side The first exposure consists of two minutes back and front and the exposures 
are lepeated every alternate day until he receives ten minutes back and front It 
is of interest to calculate approximately the surface area exposed and translate 
the result into milligrams of oxalic acid that would be decomposed on such a surface 
To do this we placed an average sized Indian lad 5 feet 5 inches in height on a 
bench and suspended a lamp three feet above the lumbar region and a little to 
one side, and proceeded to evaluate roughly the area that was exposed to the rays 
The back area thus calculated amounted to about 640 sq inches, the front area 
would be approximately the same, say a total aiea of about 1,280 sq mches 
or 9 square feet, an area lougbly 604 times the aiea of the surface exposed m 
the glass and quartz tubes An exposure on this surface for fifteen minutes 
(7^ minutes back and fiont) would coirespond to scmethmg m the vicinity of 
302 milligrams of oxalic acid, decomposed due to rays shorter than 330 Ji}< or 
to about 33 milligrams of oxalic acid per square feet of surface exposed for 
fifteen minutes 

Foi our sun observations the tubes glass and quaitz, were exposed at nght 
angles to the sun’s rays for 30 minutes (from 1 pm to 1-30 p m ) on the roof of the 
School of Tiopitai Medicine and Hygiene, Calcutta, the highest building m the 
immediate neighbouihood, commanding a good view of almost the whole of the 
honzon This condition is necessaiy as according to Hill (Trans Boyal Soc , 
Aov 1927), the ultra-violet mtensit}'’ of the blue sky only bears a fair proportion 
to the total ultra-violet intensity The results of these readings showing the day 
of the month and the condition of the sky at the time of exposure are shown m 
the attached graphs (Graphs 1 to 12) 

It may be noted that, though the intensity of the extreme ultra-violet is 
somewhat dependent on the total ultra-violet intensity of the sunlight as measured 
by the decomposition of oxalic acid m the quartz tube it is not strictly propoi- 
tional to the same, other factors Idee dust and the amount of ozone in the upper 
layers of the atmosphere (Harrison, Nahue, July 13th, 1929) have to beconsideied 
It uili be observed that the intensity of the extreme ultra-violet region as well as 
the total ultra-violet intensity though not very high, is almost constant throughout 
the wmter months from Kovember to January after which period it gradually rises 
until the beginning of the Monsoon when it becomes exceedingly fluctuating 
(Graph 16) Another point that is of interest is the increase of the ultra-violet 
intensity of the sunlight after a heavy shower of ram, a probable explanation for 
the bninmg of the skin often expeiienced on lamy days with periods of bright 
sunshine 
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In nililifinn 1'> < irr\im: mil tin'-'* inonllih itimi^ wo InAo also InKcn 

IwolnlMimirh n nliiius llirnimlnnil tin il n Mhctiii}: ns far ns ].osmIi1c (k^s that 
cxhihilMl in ih'-nliiloh tloir sK\ ’Hhm r<siil(s mo sjiown in t;i ijihs (Grnplin 
linnd]}) tho nir\( s nl)1 nn< il iro jnr il> ilio in form mitl sliow tlu inn\nmim 
inionsih liotwoon IJ nnnn mi<l IJ Id 

It IS of niton si ffi (on)uro ns fir is jmscililo tho qimntit\ of (lie uIlra-Molct 
rndnlmn ns doli riiiini d it llonrn\ill( in Inisilit smislinio on dnl\ ind, 102G, ns 
o!)sor\odin "Moss md Kn ipji (/lid ’lour of Iriijiot/iriapif Mn\ ld27 37), nsmp their 
inodifiod ‘ 'Pwinh slrin^lh sdiition ind ipjiinlns to that in tho snnli"ht in 
rdcntli Tniisl limp Moss mid Kn ijip’s n.idinps wo frnt H per rent decomposi- 
tion of Die ‘ Tv out \ slronplh solution m liflom ininnlos on a surface of 17 cnis 
diiimelor oqiinnlont to i duonqiostiion of ‘22 Id nip rf omIic acid in 30 inimites, 
in n qnnrlr luho of the sire nscl In ns 'Hk niiMiniini dcooinposilion noted In 
ws m C’nkwtt \ on tin Kt M u uiumiutid to Id 7 iiip of ovihc noid decomposed in 
30 nnmites, almost doiddo tint olitmud in Hounuillo 

Me iro now m a jiosiiion to comjiire on in o\nlic acid dtcomposition basis, 
the ciTocts of e\])osnn to tin imroiin \ iponr lain]) with that obtained b) exposure 
to the sniilipht it C ilciitf i Tikinp 7 mp of oxnlic ncid ns the a\crnge difference 
between the deconqinsition in tho quart? and glass tubes on a clear day in summer 
on a ‘surface of 1 2 5 sq nithes m thirt\ minutes and 1 milligram of oxalic acid as 
the difference m the case of the mereuri. ^apon^ lamp on a surface of 2 12 sq 
inches for the ‘same period an uerage exposure to the sun on any clear da)' m 
summer at noon for thirt\ minutes is cquiaaicnt to two and a half times the 
exposure to our lamp at a distance of three feet for 30 minutes so far as the region 
shorter than about 3,300 AU is concerned 

SUMM,\nY AXD CoNCLtlSIONS 

(1) The lower limit of tho solar spcctnim at Calcutta has been approximately 
noted 

(2) Hill’s acetone metlijlenc blue method has been found to jaeld discrepancies 
wath different brands of acetone 

(3) The mtensity of the ultra-xiolct rays in the sunlight of Calcutta has been 
studied using the Eobiuson Anderson uraunim oxalic acid radiometer, over a period 
of twelve months and the variations recorded 

(4) The equivalent oxalic acid decomposition figure has been compared to 
the probable average erythema dose 

(5) It has been shown that the period of maximum mtensity of the ultra- 
violet light of the sun at Calcutta is betw een noon and tw elve-thirty 

(6) The mtensity of the physiologically active rays m sunlight at noon in 

Calcutta IS found to he at least two and a half times that of a mercury 
vapour lamp ^ 
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ExPIvANATION of Grafus 

The vrliole lino ( ) shows the decomposition m the quartz 

test tube (i e , the total ultra-violet intensit)) 

The chained line ( ) shows the decomposition m the 

glass test tube (i e , the intensity of lay® on the long wave side of about 3,300 AU) 

The biohen line ( ) shovs tlie diffeiencc between the 

above two guiug the intensity of in’^s between about 3,300 AU and 2,950 AU 
(i c , the intensity of the cvtiemc ultia-violct lays present m the sunlight in 
Calcutta) 

A Blight = 1111 — cloai ski 
B_Bi3ght sun — cloud} sk} 

C sun 

D Cloudy sun 
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